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ABSTRACT
EFFECT OF HEXAZINONE ON SPECIES DISTRIBUTIONS
AND WEED COMPETITION IN IOWBUSH BLUEBERRY FIELDS IN MAINE
FEBRUARY 1991
DAVID E. YARBOROUGH, B.S. UNIVERSITY OF MAINE
M.S., UNIVERSITY OF MAINE
Ph.D., UNIVERSITY OF MASSACHUSETTS
Directed by: Prasanta C. Ehowmik

lowbush blueberries
invrtilloides Michaux)
and Eastern Canada.

(Vaccinium ancrustifolium Aiton and V.

are produced on native or wild stands in Maine
The use of the herbicide hexazinone has caused

changes in the weed populations in lowbush blueberry fields.

To

determine the effect of hexazinone on these species and on the growth
and productivity of lowbush blueberries in commercial fields in
Maine; blueberry and weed population cover,

frequency, and blueberry

plant stand and yield were sampled on two fields over four years.
Cover and frequency of all species were compared to an earlier survey
on 14 fields which had been treated once or twice with hexazinone.
Blueberry plant stand was compared among the treated fields.
Hexazinone-treated fields had a decline in the cover and frequency of
a number of weed species and a corresponding increase in blueberry
growth and yield.

Open ground, bunehberry (Comus canadensis L.)

dogbane (Apocvnum androsaemifolium L.)
frequency with hexazinone treatment.

increased in cover and
Replacement series experiments

to assess competitive effects of bunehberry were established on
native stands of blueberries in 1986 and 1987.

Quadrats were

established on prune and crop fields at cover ratios, where

v

and

c = crop or blueberry and w = weed or bunchberry of lOOc/Ow, 75c/
25w, 50c/50w, 25c/75w, Oc/lOOw.

Dormant blueberry and bunchberry

plugs from prune fields were grown in the above proportions in the
greenhouse in the summer of 1987.

In the field study, relative

yields and regression of individual vs associate yield indicates that
blueberry and bunchberry growth are equivalent.

Blueberry fruit

number and yield decreased with increasing bunchberry density.

In

the greenhouse study, relative yield, regression of individual versus
associate yield, and leaf area index of blueberry and bunchberry
indicated that blueberry grew as well or better in mixtures than in
pure stands.

Replacement series experiments indicated that

blueberries are competitive with bunchberry but open areas among
clones in native fields allow faster growing bunchberry to spread
without competition.

Two field experiments indicated that

imidazoline compounds did not provide selective control of bunchberry
but sulfonyl urea compounds merit further research for bunchberry
suppression.
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CHAPTER I
THE LDWBUSH BLUEBERRY INDUSTRY OF NORTH AMERICA
Introduction

Munson (1899) described the wild blueberry (principally
Vaccinium angustifolium Aiton and less

mvrtilloides Michaux)

industry in Maine as exceeding 60 thousand hectares of blueberry
barrens, utterly worthless for agricultural purposes but which
through management may be improved for the cultivation and systematic
improvement of the fruit.

The management at that time consisted of

periodically burning over land which had been burned by Indians in
the past or opened by logging.

Much has changed with the blueberry

industry since that time, but despite these changes the lcwbush
blueberry is still very much a wild crop.
The sweet lcwbush blueberry (V. angustifoliumO

is a rhizcmatous

shrub averaging 20 cm in height which occurs from Northern Quebec to
the isolated uplands of the Appalachian mountains of Virginia (Vander
KLoet, 1988)

(Figure 1.1).

It is the principle component in managed

blueberry stands (Hall, 1978; Hall et al., 1979).
sourtcp blueberry (V^ mrvrtilloides)

The velvet leaf or

is a woody rhizcmatous shrub

averaging 25 cm, densely pubescent and although it makes up a lesser
component of managed fields, it may make up a large constituent of
individual fields (Hall, 1978;

Vander KLoet, 1988; Vander KLoet and

Hall, 1981).
There are an estimated 20,000 hectares of commercial lcwbush
blueberry fields in Maine, and an equivalent area in the Canadian
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Figure 1.1.

Distribution of Vaccinium amustifolium from Vander KLoet
(1988).
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Maine blueberry production 1978-1989.
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Provinces of Nova Scotia, New Brunswick, Prince Edward Island, and
Newfoundland (Figure 1.2)

(Degomez et al., 1990).

Quebec has

thousands of acres of semi-managed Crown land which is harvested when
the yield and price are favorable (Bouchard, 1986).

There are also a

few hundred acres of commercial blueberry land in New Hampshire and
Massachusetts.
Although there are several named varieties of the lcwbush
blueberry released through the Agriculture Canada breeding program
(Hall, 1983),

few commercial plantings exist.

Culture consists of

managing wild stands by biannual pruning, fertilizing, and the use of
chemical and cultural controls for pest management.

Most of the wild

blueberry crop is frozen but there has been an effort to increase
fresh sales in recent years (Hoepler et al., 1988).

Harvesting is

done by hand with a scoop-type rake or mechanical harvesters.
Several mechanical harvesters are available, and there use is
increasing (Hall et al., 1983).

Adaptation of improved cultural

practices and favorable weather conditions have resulted in an
increase in the average yield in Maine from less than 8 million
kilograms to nearly 16 million kilograms over the past 10 years
(Figure 1.3).

This chapter will discuss the recent changes in

blueberry culture that have contributed to this increase and look at
future trends which will further improve production.
Pest Management
Insects
A system of monitoring the blueberry maggot (Rhagoletis mendax
Curran) and an action threshold has been developed through an IFM
program, resulting in a decrease in frequency of sprays and an
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increase in their efficacy (Dill, 1987).

Periodic outbreaks of

blueberry thrips (Frankinella vaccinii Morgan) and blueberry flea
beetle (Altica svlvia Mai loch)
cause sporadic damage.

(Collins and Forsythe, 1987) still

Increases in the the blueberry spanworm

(Itame arcrillacearia Packard)

(Forsythe and Flanders, 1982) have

resulted in considerable economic damage.
Diseases
The major blueberry diseases include mummy berry (Monilinia
vaccinii-corvmbosi Reade) and blossom blight (Botrytis cinerea Pers.)
(Lambert, 1987).

Cool, wet weather provides the necessary

conditions for infection and spread of these diseases.

Lambert

(1988) has reported that mowed fields have a higher incidence of
mummy berry than burned fields so increased use of fungicides will be
necessary if mowing continues to be the preferred pruning practice.
Weeds
Suppression of competing weeds with hexazinone {3-cyclohexyl-6(dimethyl-amino)-1-methyl-l,3,triazine-(2,4(1H,3H)-dione}

(Yarborough

et al., 1986) and the use of glyphosate N-(phosphonomethyl glycine)
with selective applicators (Yarborough et al., 1984) have resulted in
increased

yields and allowed for more efficient use of mechanical

harvesters (Hall et al., 1983).
controlled.

However, not all weed species are

A recent survey in Maine (Yarborough and Bhowmik, 1989)

and one in Nova Scotia (McCully, 1988) has indicated that certain
species, especially the bunchberry fComus canadensis L.), are
increasing under current management practices.

Research on the

management of bunchberry and other species is continuing.
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Cultural Practices
Pruning
Until recently, commercial blueberry fields have been pruned by
fire with straw or oil burners.

Repeatedly burning fields for a

number of years has resulted in a decline in production associated
with the destruction of the organic pad and exposure of the rhizomes
(Trevett, 1956).

Mechanical mowing will produce equivalent yields

(Ismail and Yarborough, 1981) without depleting the organic pad
(Hanson et al., 1982b).

Mewing is less costly than using oil or

straw (Hanson et al., 1982a) and has been widely adopted by blueberry
growers.
Burning does, however, provide some advantages by partially
removing competing growth of other species and by reducing certain
insects and diseases which occur in the leaf litter.

Favorable

weather conditions could lead to periodic outbreaks of these pests in
mowed fields necessitating periodic burning to reduce their
populations.
Irrigation
Irrigation will result in an increase in the number and weight of
berries if moisture is limiting (Benoit et al., 1984).

Irrigation

provided in the nonbearing year increased bud formation which could
increase yield in the bearing year.

Currently, irrigation is used

commercially by a few growers during the bearing year but the
feasibility of irrigating nonbearing fields is being further
evaluated.
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Pollination
Blueberries require insect pollination and the use of honeybees
will increase the fruit set and seed number (Wood, 1969; 1971)
resulting in higher yields.

Current recommendations are for 2 to 4

hives per acre depending on the field size and location (Ismail,
1987).
Fertilization
Fertilization recommendations have been based traditionally on
observing stem height and leaf spotting (Trevett, 1962) and applying
35-45 kg nitrogen/ha from urea.

The response to nitrogen fertilizer

has not been consistently positive (Smagula and Ismail, 1981; Ismail
et al., 1981).

Most studies reporting significant increases in yield

due to added nitrogen were conducted in fields which had no chemical
weed control (Trevett, 1962).

More recently, researchers have found

that blueberries may not respond to fertilizer applications (Benoit
et al., 1984; Yarborough et al., 1986), perhaps due to more effective
chemical weed control.

By removing weed competition for nutrients,

many fields appear to be receiving adequate levels of nutrients
provided by mineralization of soil organic matter (Smagula et al.,
1987).

Growers are being urged to abandon the traditional approach

of fertilizing with urea every bum cycle and instead to sample leaf
tissue to determine if fertilizer is needed (Smagula and DeGomez,
1987).
Maine (Trevett, 1972b) and Canadian (Lockhart and Langille, 1962;
Townsend and Hall, 1970) standards of satisfactory levels of
nutrients in leaf tissue have been reported.
blueberry fields (Smagula, 1989)

Recent surveys of Maine

indicated nitrogen was adequate in
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leaf tissue samples but phosphorus levels were low, according to
Trevett's standards (Trevett, 1972b).

Poor correlations of leaf

nutrient concentrations and organic pad or 3 inch soil samples
(Smagula, 1989) suggest leaf samples give a better indication on
fertilizer needs than soil samples.
Planted lowbush blueberries have responded well to fertilization,
resulting in more successful establishment, greater top and rhizome
growth, and higher, early yields (Smagula and McLaughlin, 1985).
Frequency of fertilizer application was shown to be important for
maximizing early growth and yield in a plowed sandy soil (Smagula and
McLaughlin, 1987).
Propagation
Plants for establishing new blueberry fields have been produced
from softwood cuttings of select clones and from seed obtained by
pollinating flowers of an outstanding clone with pollen from an
equally good clone (Hall et al., 1972).

Micropropagation techniques

for blueberry, including the lowbush, have been reviewed by Smagula
and Lyrene (1984).

Tissue culture propagated plants exhibit the

spreading growth habit of seedlings along with the uniform
productivity characteristics of rooted cuttings (Morrison and
Smagula, 1985).

Mulching has been extremely beneficial for

increasing survival of planted lowbush blueberry and encouraging
their lateral spread through rhizome growth (Smagula and Goltz,
1988).
Breeding
Yield from 100 randomly selected clones varied from 338 to 17,358
kg/ha with a frequency distribution of a normal curve skewed tcward
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the lesser yields (Figure 1.4)

(Hepler and Yarborough, 1991).

A

breeding program at the Agriculture Canada Research Station in
Kentville, Nova Scotia has resulted in a significant improvement on
size and yield of the lowbush blueberry (Hall, 1983).

Selected

clones from this breeding program outyielded closely related
seedlings (Aalders and Brydon, 1979).

When seedlings are used to

start new fields or fill in bare spots in established old fields, it
is also advantageous to use select clones as parents (Aalders and
Hall, 1975; Hall, 1983).
Harvesting
Hall et al.

(1983) reported that a tractor-mounted mechanical

harvester recovered fewer berries than hand—raking but the quality of
the berries was the same.

In a preliminary study of two self

propelled harvesters, Yarborough (1988) reported a 50% loss of
berries as compared to hand-harvest.

Despite this, machine

harvesters are being adopted because of the difficulties of obtaining
and managing labor.

A more thorough evaluation of the mechanical

harvesters is available (Merra et al. 1989) and a computer model for
an economic analysis has been developed (Woods et al., 1989).
Marketing
The majority of blueberries sold at the retail level are
processed, by being individually quick frozen.
canned.

A smaller quantity is

Fresh marketing of berries has increased with the recent

trend of higher production (Hoelper et al., 1988).

Product

development and market research has increased to market the larger
quantities of wild blueberries being produced.

The Wild Blueberry

Association of North America is an American-Canadian corporation
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formed in 1980 to promote marketing, and

utilization to encourage

new product development and to provide leadership on issues affecting
the wild blueberry industry.
Future Trends

Horticulturists (Barker et al.,
1972a)

1964; Render,

1967; Trevett

have indicated a need for domesticating the lowbush blueberry

using matted row culture and improved varieties.
small plantings (Vandenburg,
adopted by the industry.

Except for a few

1982), this type of culture has not been

The limited availability of plant material,

the high cost of establishment, and the slow rate of spread are some
of the reasons growers have not established cultivated lowbush
blueberry fields.
Plant cover is dependent on the number of years a field has been
in production because blueberry clones spread slowly (Hall et al.,
1979).

Blueberry fields in production 50 years or more may have

nearly 100% cover but younger fields may have less than 50%.
survey conducted in 1985

(Yarborough and Bhowmik,

1989)

A

found that

blueberry cover on commercial fields averaged from 40 to 70%.
Increasing the cover by interplanting of improved selections could
greatly improve the productivity of native lowbush blueberry fields.
Interplanting will also increase the genetic diversity of the
fields.

An increase in the production of seedlings and

micro-propagated plants will be needed to fill these areas.
Increased yields will come from more intensive management,
interplanting, mulching,

increased pest management,

irrigation and pollination.

fertility,

Costs per pound will be reduced by
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higher yields per acre, and decreased cost of mechanical harvesting.
An effort is being made to provide a consistent supply of blueberries
to the existing markets but weather conditions will still have a
major influences on the crop yield.
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CHAPTER II
EFFECT OF HEXAZINONE ON SPECIES DISTRIBUTION
AND ON LOWBUSH BLUEBERRIES IN MAINE
Abstract

A comparative study of the succession of weed species and blue¬
berry populations on hexazinone treated fields revealed a decline in
cover and frequency of a number of weed species and a corresponding
increase in blueberry growth and yield.

Only bunchberry (Cornus

canadensis L.) and dogbane (Apocvnum androsaemifolium L.)

increased

in cover and frequency with the hexazinone treatment.
Introduction

Lowbush blueberries (Vaccinium angustifol ium Ait. and V.
mvrtilloides Michx.) are harvested from native stands in Maine, and
Eastern Canada.

The cultural practice of pruning by fire or mowing

every other year keeps the fields in an early successional stage.
Many grasses, sedges, herbaceous and woody weed species which are
naturally present flourish under the present pruning and fertility
management practices and reduce the yield of blueberries (Metzger and
Ismail, 1976).
In the 1970's, the use of terbacil (3-tert-butvl-5-chloro-6methyl uracil)

(Trevett and Durgin, 1972) controlled many grasses,

sedges and some flowering herbaceous weeds in Maine's lowbush
blueberry fields and initially resulted in a doubling of the crop
yield (Ismail, 1974).

However, with the reduced carrpetition, many

flowering herbaceous weeds and woody weed species subsequently
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increased in both density and distribution.

High fertility

management under these circumstances has resulted in a decrease in
blueberry yields (Ismail et al., 1981).

Control of woody weed

species taller than lowbush blueberries was provided by selective
wiper applications of

2,4-D {(2,4 dichloro-phenoxy)acetic acid),

(Trevett, 1952; Yarborough and Ismail, 1979; Yarborough et al., 1984)
but now only glyphosate (N-(phosphonomethyl glycine)} is registered
for use in Maine Blueberry fields (Yarborough and DeGomez, 1987;
1990).

Wiper applications are effective on weeds taller than

blueberry but shorter weeds are missed with this method (Yarborough
et al., 1984).
The registration of hexazinone {3-cyclohexyl-6- (dimethyl-amino) l-methyl-l,3,triazine-(2,4(lH,3H)- dione} in 1983 for weed control in
lowbush blueberries in Maine provided growers with preemergence
control of many herbaceous and woody weed species which were not
controlled with other herbicides or management practices (Yarborough
and Ismail, 1985; Yarborough et al., 1986).
Some of the hexazinone-resistant weeds have been identified, such
as bunchberry (Comus canadensis L.), red maple (Acer rubrum L.),
black huckleberry (Gavlussacia baccata (Wang.) K. Koch)
and Ismail, 1983; Yarborough et al., 1986).

(Yarborough

However, a need exists

to identify all weed species which are resistant to hexazinone, in
order to develop alternative chemical or cultural control measures
before the problem becomes widespread.

Documentation of this shift

in species composition could be used to indicate the need for
suppression of certain weeds through cultural practices, such as
mulching (Ashworth and Harrison, 1983; Render and Eggert, 1966), and
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to justify the registration of appropriate herbicides at the state
and federal level.
The objectives of this study were to : a) determine the effect of
hexazinone on species cover and frequency, and b) to ascertain its
effect on the growth and productivity of lcwbush blueberries in
corrercial fields in Maine.
Vieed control prior to the use of hexazinone
Chandler and Mason (1946) identified 36 weeds species present in
lowbush blueberry fields in the 1940's.

Cultural methods of control

were described as well as the use of scoe inorganic herbicides but
the effectiveness of these treatments was limited. Trevett (1952)
described the selective use of 2,4-D for spot or roller treatments of
woody weed species in lcwbush blueberry fields.

Improvements in the

technology of application equipment and the availability of
inexpensive hand-held wipers have provided a means to safely apply
ncnselective herbicides to woody weed species taller than lcwbush
blueberry plants (Yarborough and Ismail, 1979; Yarborough et al.,
1934).

Currently, only glyphosate is registered for postemergence

woody weed control in lcwbush blueberry fields in Maine (Yarborough
and DeGomez, 1937; 1990).
The registration of terbacil in the 1970's provided a pre¬
emergence means of controlling grasses, sedges, and several flowering
herbaceous weeds common to blueberry fields (Ismail, 1974; Trevett
and Durgin, 1972).

The reduction in competition as a result of the

control of these species has resulted in initial increases in
blueberry yield (Ismail, 1974; Ismail et al., 1981), but as resistant
herbaceous species such as goldenrods (Solidago spp. L.). and woody
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species such as meadowsweet (Spiraea latifolia (Ait.) Borkh.) and
black chokeberry (Pyrus melanocarpa (Michx.) Wild.) have increased in
both density and distribution (Hall et al., 1974; 1978), blueberry
yield increases have declined.
Field studies with hexazinone
Yarborough and Ismail (1981) shewed that spot treatment of woody
weed species with hexazinone pellets could significantly reduce the
number of stems. It was suggested that this material could provide an
efficient method for spot treatment of woody weed species which grew
in clumps sporadically throughout lewbush blueberry fields.
A preemergence application of liquid hexazinone at 0, 2.2, 4.5 or
6.7 kg/ha was applied to a commercial lewbush

blueberry field in

Deblois, Maine in May 1980 (Yarborough and Ismail, 1982). Meadowsweet
density was determined in the fall, before spring application and
again in September, 1980.
63 to 84 stems per 1 m

Pretreatment meadowsweet stand ranged from

but after treatment meadowsweet stand was

eliminated at all treatment rates. It was concluded that hexazinone
at 2.2 kg/ha was highly effective in controlling meadowsweet.
A coastal blueberry field in Jonesport, Maine was treated with a
preemergence application of hexazinone at 0, 1.1, 2.2, 4.5 or 9.0
kg/ha after pruning in May 1980 (Yarborough and Ismail, 1985).
Results indicated that grasses were reduced by 90 percent with 1.1
kg/ha hexazinone.

Counts of weed populations indicated a

significant, linear decline in the numbers of meadowsweet and
goldenrod occurred when hexazinone rate increased.

Observations

indicate a reduction in lambkill (Kalmia amustifolia L.), willow

21

(Salix spp. L.), pcplar (Pcoulus trg-uloides Kichx.), rose fRosa spp.
L.) and black chokeberry occurred.

Although blueberry seen density

was net influenced by hexazinone treatments,

visual ratings of

blueberry injury increased with hexazinene at 9.0 kg/ha to 3.8 on a
scale where 0=alive and 10=dead.

The rrurber of flower buds and yield

exhicited a quadratic response to hexazincre rate.

Blueberry yield

increased free 2144 kg/ha for tie untreated area to 3354 at the 4.5
kg/ha rate but declined to 2575 kg/ha at the 9 kg/ha herbicide rate.
Partial budget analysis indicated that 1.1 to 4.5 kg/ha of hexazinone
would increase net inccce.

Response function analysis indicated that

2.3 kg/ha hexazinone resulted in a yield of 3195 kg/ha and raxir.ized
profits (Hanchar et al., 1975).
Black chokeberry plants produce a fruit which reduces the quality
and USDA grade of leubush blueberries (Kurphy et al., 1974).
Hexazinone at 2.2, 4.5 and 9 kg/ha applied to a blueberry field
infested with black chokeberry in Kay 1982 (Yarborough, 1985)
produced injury to both blueberry and black chokeberry.

Injury

increased with herbicide rate with chokeberry exhibiting mere injury
than blueberry at any given rate.

Blueberry stsi nuzber per 0.1 n2

increased free 41 to 54 at 0 and 4.5 kg/ha hexazinone, respectively,
and then decreased to 37 at 9 kg/ha hexazinone.

Black chokeberry

stand decreased free 13 to 1 per 0.1 r2 as hexazinone was increased
free 0 to 9 kg/ha.

The percentage of chokeberry7 fruit by weight

likewise decreased free 11% without treatment to 1% at 9 kg/ha
hexazinone.

Hexazinone application up to 2.2 kg/ha reduced

chokeberry stand and fruit without affecting blueberry yield, but
higher rates reduced yield.
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Jensen (1986), and Jensen et al.

(1983) summarized the weed

species susceptible and resistant to hexazinone.

He indicated that

within the labeled rates (0 to 3 kg/ha), hexazinone will increase the
number of blueberry flower buds, branches, and shoots per plot and
result in higher yields.

He reported that 5 to 10% of the lowbush

blueberry clones are sensitive to hexazinone and will exhibit injury
symptoms.

Jensen et al.

(1981) reported that preemergent

applications of hexazinone from 1 to 4 kg/ha gave excellent weed
control of a wide range of woody and herbaceous weeds common to
lcwbush blueberry fields.

They indicated that a midsummer

application resulted in severe foliar injury to blueberries, but
preemergence applications from 1 to 4 kg/ha after pruning and before
emergence of the blueberry shoots increased blueberry yield with
little injury.
In field tolerance studies, Jensen and Kimball (1985) determined
that hexazinone applied preemergence to blueberry growth in the
spring of the sprout year gave more effective control than fall
treatments and increased crop stands and berry yields by 30% and 50%,
respectively. They observed that the greatest relative increases in
yield occurred on plots with low initial plant stand.

Spring

treatments gave excellent control of grasses (Agrpstis tenuis Sibth.,
Festuca capillata Lam., Poa pratensis L.), hawkweeds (Hieracium spp.
L.), goldenrods, and lambkill.

Treatments applied in the spring of

the fruiting year caused injury to the blueberries and yields were
reduced.

Late fall applications of 3.0 kg/ha hexazinone effectively

controlled weeds but the treatment had no effect on yield.

Yield

potential is determined in the bum year when the shoots develop, so
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weed suppression in the second year of growth did not result in an
increase in yield.
In a study to determine the interaction of hexazinone and
nitrogen on weeds, blueberry growth, and yield, hexazinone at 0, 1.1,
2.2, or 4.5 kg/ha and nitrogen (as urea) at 0, 50, or 100 kg/ha were
applied preemergence on 5 commercial lcwbush blueberry fields in May
1930 (Yarborough et al., 1936).

Hexazinone effectively controlled

several weed species and caused a significant decline in grass,
meadowsweet, and goldenrod populations.

An increase in visual injury

to blueberry plants was associated with the rate of hexazinone
applied, with a rating of 3.6 on a 0 to 10 scale at 4.5 kg/ha.
Blueberry stem density and flower buds increased in association with
hexazinone rate but nitrogen application had no effect on plant
stand.
In 1931 hexazinone and nitrogen were applied to 13 additional
fields to sample a diversity of weed populations and field conditions
(Yarborough et al., 1936).

Since 1.1 kg/ha hexazinone gave good weed

control and 4.5 kg/ha significantly increased injury to blueberries,
0.6, 1.1 and 2.2

kg/ha were selected for the rates of hexazinone

with the same rates of nitrogen used in 1930.
As in 1930, a significant reduction in grasses, goldenrods, and
meadowsweet was found with increasing rates of hexazinone.

The 0.6

kg/ha hexazinone rate gave a grass control rating of 8.0 on a 0 to 10
scale.

Injury to blueberries increased as the rate of hexazinone

increased but only reached 1.4 on a 0 to 10 scale at the 2.2 kg/ha
rate. Increasing the rate of hexazinone resulted in a greater number
of blueberry stems and flower buds per stem.

24

Large variations in

blueberry yields were found among locations due to variations in
plant stand and productivity as well as climatic and edaphic
factors.

Blueberry yield reached a maximum of 3926 kg/ha at a

hexazinone rate of 1.86 kg/ha.

Economic response function analysis

determined that 1.8 kg/ha hexazinone without nitrogen application
would maximize profits.

The initial increase in yield was obtained

at the lowest rate of hexazinone suggesting that the control of
grasses and herbaceous weeds at the lew rate gave the greatest
benefit in yield.

The higher rates give more control of woody weed

species which slew the harvest and may reduce the quality of the
fruit.

Nitrogen application was found to decrease blueberry yield

without hexazinone application but had no effect within the
hexazinone treatments.
In many blueberry fields much of the terrain is rough and uneven
and many fields have large rocks from natural glaciation which make
them unsuitable for ground application of herbicides. In addition,
several large growers have extensive holdings of land which would
make it economically infeasible to treat their land with ground
equipment in the limited time available in the spring before plant
emergence.

Many growers with small acreages also do not own or have

access to ground equipment and rely on commercial applicators for
jpesticide application (Metzger and Ismail, 1976).
In an attempt to address these problems, aerial applications of
hexazinone at 2.2 kg/ha were made on 6 commercial lowbush blueberry
fields in May 1982 to determine the efficacy of this method for
controlling woody and herbaceous weeds (Yarborough and Ismail,
1983).

Visual ratings indicated an increase in area covered with
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blueberries and a decrease in weed cover on treated versus
non-treated sites.

Hexazinone applications resulted in reductions of

goldenrod, poplar, rose, sweetfem (Comptonia peregrina (L.) Coult.),
and bracken fern (Pteridium aquilinum (L.) Kuhn) populations.

Weeds

observed to be resistant, or show no effect at the labeled rates,
include red maple, bunehberry, black huckleberry, and spotted St.
Johnswort.

Aerial application of hexazinone at 2.2 kg/ha provided

excellent control of many woody and herbaceous weeds and will provide
an effective means of application on irregular terrain and enable
large tracts to be treated in a relatively short period of time.
Effect of hexazinone on highbush and rabbiteve blueberries
Jensen (1981) determined that directed sprays of hexazinone at
rates that controlled a broad spectrum of perennial grasses and
broadleaf weeds were selective in highbush blueberries (V. corvmbosum
L.).

He also reported that the degree of injury to highbush

blueberries was related to the
'Jersey' and

cultivar with

injury occurring on

'Berkeley' but not on 'Burlington' at the 4 kg/ha rate.

Barron et al.

(1985)

found no difference in susceptibility to

hexazinone among one-year-old rooted cuttings of 10 highbush and 3
rabbiteye (V^. ashei) cultivars growing in a fine sand soil.

Two

highbush and two rabbiteye cultivars were assayed for hexazinone
tolerance on soils containing 1.3%, 3.5% or 49.5% organic matter
(04). Hexazinone at 1 to 2 kg/ha had no inhibitory effect on
blueberry fresh weight in the high 04 soil, inhibited growth slightly
on the medium 04 soil and caused severe injury on the low 04 soil.
At 4 to 8 kg/ha injury was severe on the medium to low 04 soil and
slight on the high 04 soil. They concluded that the herbicidal
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activity of hexazinone is influenced by soil type, with OM

having

the greatest effect on the herbicidal activity.
Movement and persistence of hexazinone in the soil
Weed response and blueberry injury by hexazinone vary among sites
of application (Yarborough et al., 1986) and are influenced by
precipitation and soil type (Neary et al.,

1983; WSSA, 1989).

Ihe

soil half life of hexazinone has been shown to vary from 1 to 6
months (Rhodes, 1980) depending on soil type and temperature.
Hexazinone is very water soluble (33,000 ppm) and leaches readily
in the soil (WSSA, 1989).

Soil thin layer chromatography rf values

place the compound in class 4 (i.e. very mobile 4 out of 5) mobility
classification scheme of Helling and Turner (1968).

Hexazinone is

weakly adsorbed by soil by polar mechanisms (Bouchard and Lavy,
1985).

Barring and Torstensson,

(1983) reported that hexazinone was

moderately adsorbed to clay and organic material but that it was
strongly bound to humus, which limited its mobility in the soil.
Studies with 14C-labeled hexazinone shewed that microbial
degradation contributed to decomposition in the soil and that the
triazine ring was broken down to liberate 14002

(Rhodes et al.,

1980).
Jensen and Kimball (1984) observed that sensitive species
initially controlled by hexazinone will reestablish as seedlings 4 to
5 months after application.

Persistence studies on 3 typical

blueberry soils in Nova Scotia revealed the half life of a 2 kg/ha
hexazinone application to be less than 4 weeks.

Hexazinone was lost

from the root zone by leaching and by degradation to nontoxic
metabolites.
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Uptake, translocation and metabolism of hexazinone
Hexazinone is classified as a triazine herbicide (Ross and Lemhi,
1985). Triazines are potent photosynthetic inhibitors. Symptoms
include chlorosis and desiccation of green tissue. Triazines are
primarily soil applied but may also be taken up by the foliage.
Triazines move apoplastically whether taken in by the roots or
shoots.
Barron and Monaco (1986) compared the toxicity, absorption,
translocation, metabolism, and effect on photosynthesis of hexazinone
on rooted cuttings of highbush, rabbiteye blueberries and goldenrod
(S. fistulosa).

The blueberries were three times more tolerant to

root applications than goldenrod.

Tracer studies with 14 C-

hexazinone revealed that approximately 95% of the absorbed hexazinone
remained in the blueberry roots, whereas 50% of the absorbed
radioactivity was recovered in the shoots of goldenrod.

Thin layer

chromatography shewed that differences in blueberry and goldenrod
tolerance were unrelated to herbicide degradation.

A photosynthetic

assay showed that hexazinone interfered with the photosynthetic
electron transport in the treated plant.

Their results suggest that

blueberries restrict movement of root absorbed hexazinone to the
shoots thereby preventing translocation to the site of action, the
mesophyll chloroplasts.

They concluded that since there is little

degradation of hexazinone in the roots of blueberry, limited
translocation is the primary tolerance mechanism which prevents
injury to blueberries by hexazinone.
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Ecology
The use of hexazinone may change the ecology of lowbush blueberry
fields by reducing the number and diversity of competing species.
Lowbush blueberries will be given a competitive advantage with the
reduction in competing species and yield increases as much as 50 to
100% may be obtained (Jensen et al.,

1983; Yarborough et al.

1986).

However, the slow rate of clonal spread of mature blueberry plants
(Hall et al.,
Kimball,

1979)

and the short half life of hexazinone (Jensen and

1984) provide an ample opportunity for resistant and

tolerant species to establish themselves.

Unless the interclonal

spaces which were previously dominated by weeds are filled in with
blueberries, weeds resistant to hexazinone and invading seedlings
will create new competitive relationships and erode the initial gains
in yield, as happened after the use of terbacil.

This will mean a

change in species composition, with resistant and tolerant species
filling the niche created by the hexazinone application.
Identification of the invading species and an indication of their
relative abundance is necessary before proper weed management
techniques may be developed to prevent weed competition and
associated yield loss.

Evaluation of new herbicides is also

necessary since chemical control of resistant species will be
required if cultural management techniques are not effective.
Field sampling methods and rating scales
Whitford (1949)

established 20,

4 m2 quadrats at predetermined

paced intervals along a compass line and counted all species in each
quadrat in a study to determine the distribution of woodland plants
in relation to succession and clonal growth.
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He evaluated density.

abundance, presence, and frequency.

Whitford found that quadrats

selected at random do not give a random distribution of species,
because of the aggregation of some species and he noted that the
degree of aggregation was related to the stage of succession of the
individual stand.
Hall

(1953; 1955) used a belt transect and 100 randomly located

0.04 m2 quadrats to determine the number of species, their
frequency and foliage cover to the nearest 10% in relation to plant
succession following cutting and burning of a woodlot for lowbush
blueberry production.

In a second study, Hall

(1953; 1959)

compared

the plant populations in blueberry stands developed from hay fields
and woodlots by determining species frequency of occurrence recorded
at one yard intervals along a 100 yard transect.
(1968)

Hall and Aalders

compared the point method, which over estimated the taller

species, to a quadrat method, which required a greater effort, to
determine the botanical composition of two barrens in Nova Scotia.
Hall et al.

(1979)

listed the frequency of species associated with

the lowbush blueberry in Ontario, Nova Scotia, and the Great Lakes
Region.
Chandler and Mason (1946) described weed species occurring in
Maine's blueberry fields but did not measure distribution or
abundance.

Trevett (1952)

listed woody weed species occurring in

Maine's blueberry fields by their susceptibility to 2,4-D, but there
was no indication of abundance or distribution.
by Metzger and Ismail

(1976)

A survey conducted

in 1974 listed 10 species,

including

grasses and sedges as a class, and 15 unspecified species which
growers identified as a problem in their fields.
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Data on weed cover

were obtained on 47 blueberry fields which were part of the 1980
Integrated Pest Management (IFM)
and Ismail,

1980).

fruit fly trapping program (Brown

The species cover were recorded from a 7.6 m2

area around each trap site using an 8 point scale (Brown,
Yarborough and Ismail
and Pearson,

1981)

1985).

(1983) used a pin and chain method (Barker

to delineate 20 1 m2 quadrats per treatment site

to estimate percent cover to the nearest 10% in order to compare the
effect of aerial application of hexazinone on species cover in six
lowbush

blueberry fields.

Hexazinone reduced overall weed cover,

grasses, goldenrods, poplar, bracken fern,
However, many species,

sweet fern and rose.

including lambkill, bush honeysuckle

(Dieryilla lonicera Mill.), trailing blackberry (Rubus hisoidus L.),
red maple, and spotted St. Johnswort were not sufficiently
represented to allow statistical analysis of the data.
Bouchard (1986)

surveyed the vegetation in the blueberry fields

of the Sagunay and Lac-Saint-Jean region of Quebec, Canada from 1981

,

1,0

to 1983.

He used a releve

with 4 m

,

quadrats and a five point

scale with 20% intervals and a + for presence.

Of the 25 species

reported, he indicated the most important species to be lambkill and
sweetfem based on cover and frequency.
McCully (1988)

surveyed 46 fields in 1984 and 69 fields in 1985

in seven major blueberry growing regions in the Province of Nova
Scotia, Canada.

He used a method described by Thomas

an inverted w shape pattern was used to locate 20 m

(1985)

in which

quadrats

through a field, varying distance to space the pattern over the
field.

In each quadrat species name and density was recorded.

Frcm

these quadrats, McCully determined density, or the number of plants
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per m ;

frequency, or the number of fields in which a species

occurred in at least one quadrat;

field uniformity, or the percentage

of the total number of sampling units recorded in only in those
fields in which the species occurred.

From these measures, relative

frequency, relative uniformity, relative density, and relative
abundance, a combination of the latter three measures, were
calculated.
The species with the highest frequency, uniformity, and density
was the bunchberry.

The ten most important species based on relative

abundance were Comus canadensis L., Aorostis tenuis Sibth.,
Danthonia spicata (L.)

Beauv., Rumex acetosella L., Maianthemum

canadense Desf., Solidago spp. L., Hieracium spp. L.,
lanuginosum L.,

Luzula multifloria

(Retz.)

Lejeune,

Panicum

and Poa pratensis

L..
In a study to determine the effect of weeds on cranberries, Hicks
et al.

(1968) measured the density of cranberry (V. macrocarpon Ait.)

shoots on 10 sites in pure cranberry stands and in the shade of
weeds.

There was a larger number of cranberry shoots and a greater

number of berries per shoot in the pure stands compared to the weedy
stands.

The use of hexazinone has not always resulted in a greater

number of shoots
(Jensen et al.,

(Yarborough and Ismail,
1983; Yarborough,

1985)

but in other studies

1985; Yarborough et al.,

1986)

the

number of stems and the number of buds has increased because of the
reduction in weed competition provided by hexazinone.
Cain and Castro (1959), Daubenmire (1968),

and Mueller-Dambois

and Ellenburg (1974) discuss several methods of community sampling
and procedures for estimating species quantities.
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Choosing the size

of the plot is somewhat arbitrary and depends in part: on the size of
the plants to be studied.

It should be small enough so that the

entire plot may be viewed without shifting of the eyes.

A square

meter quadrat was suggested as the appropriate size for many kinds of
herbaceous layers.

Plots may be considered too large if more than

one species occurs in 100% of them and too small if at least one
species does not approach 100% (Daubenmire, 1968).
In order to obtain the 'minimal area', or the smallest
representative sample, a large enough sample must be obtained to
reduce the error of the aggregate sample to an acceptable level.

As

the amount of area studied increases, the total list of species
included in the aggregate sample increases rapidly and the new
additions decline until a point is reached at which very few are
added as more area is included.

Time spent in studying more area is

nonproductive.
Species-area curves may be produced by plotting density,
abundance, or frequency against area, and will provide a visual basis
for judging sample accuracy (Daubenmire, 1968).

A statistical

approach may be employed by using the ratio of the standard error of
the mean to the mean as a measure of sample size, but Greig-Smith
(1964)

indicates that individuals of a single species are rarely

randomly distributed, so this method may only be used as a guide.
A multiple plot method is preferred to a single larger plot.

A

series of small plots permits evaluation of frequency and provides a
means for checking variation in cover from plot to plot.

The data

may also be tested for adequacy of sampling, but in quantitative
analysis it is possible only to evaluate the more abundant species
with reasonable accuracy (Daubenmire, 1968).
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Several parameters may be used to describe vegetative
associations.

Density is the number of individuals per unit area

derived from counting.

Abundance is an estimate of density where

vegetative cover is placed in a number of classes describing the
percentage of area covered.

Frequency is determined by the number of

occurrences of the species in a given number of quadrats, it is
considered as a measure of abundance but it gives an indication of
the uniformity of distribution rather than the density
(Meuller-Dombois and Ellenburg, 1974).

Although counting is the

easiest analytical concept and gives the Impression of great
accuracy, it is time consuming and may be less accurate than a visual
estimate of abundance.
Earlier ecologists used crude scales on larger areas which only
gave a relative magnitude, i.e. dominant, abundant, frequent,
occasional, and rare (Cain and Castro, 1959).

The Braun-Blanquet

cover abundance scale is a seven point scale with the four upper
values referring to cover and the lower three to abundance.

The

scale is considered to be semi-quantitive because of the large
intervals in scale values.

Unequal class intervals allow for an

easier estimate of the species cover to area relationship than do
equal intervals of cover.

Also, less abundant species with a small

cover may have important diagnostic significance which require a
finer breakdown in the lcwer scale values compared to the larger
scale values.

The Domin-Krajina cover abundance scale is somewhat

more detailed and gives an advantage in forest communities but in
species rich herbaceous communities estimate errors are more likely
with the finer scale intervals (Meuller-Dombois and Ellenburg, 1974).
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A more accurate but more time consuming modification of the
Braun-Blanquet scale is to estimate cover with a number of small
frames using a Daubenmire cover scale (Meuller-Dombois and Ellenburg,
1974).

The top five values are the same as Braun-Blanquet but the

seldom and solitary, + or r, would be included as cover class 1.

The

class midpoints of the data may be used to describe the percent
cover.

These values could then be used for computer analysis.
Methods

Aurora Study
The first study site was located on a commercial blueberry field
adjacent to the Great Pond Road in Aurora, Maine owned by Mace Farms
Inc.

A 0.8 ha portion at the northwestern end of the field bordered

by a road was used for the study.

The site had a sandy loam soil

with a pH of 4.8 and organic matter content of 10%.

Prior management

consisted of spot treatment of woody weed species with 2,4-D and
burning to prune the field every two years for ten years prior to
1980, and in 1980,

88 kg/ha of 14-14-14

(N-P-K)

fertilizer, 2.2 kg/ha

terbacil, and 2.2 kg/ha diuron [N1 -(3,4-dichlorophenyl)-N,N-dimethylurea] were applied preemergence.
1982.

The field was mowed for pruning in

In 1984 and 1986, the field was flail mowed for pruning and

the eastern half of the study site was treated with 2.2 kg/ha
hexazinone and the western portion was left untreated.
T-18 Study
The second site was located on a commercial blueberry field north
of Long Pond on Township 18 M.D., Maine owned by Cherryfield Foods
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Inc.

The field is 23 ha but a 3 ha portion on the southern tip of

the field bordered by a field road was left untreated for the study.
The site has a sandy loam soil with a pH of 4.5 and organic matter
content of 10%.

Prior management consisted of applying 33 kg/ha

nitrogen in the form of urea after burning for pruning every other
year for the 10 years prior to 1980, and in 1980 55 kg/ha nitrogen in
the form of urea.

In 1982, the field was pruned by burning,

and 55

kg/ha nitrogen and 1.4 kg/ha terbacil was applied preemergence.

In

1984 the field was pruned by burning and 1986 the field was pruned by
mowing.

In both years,

77 kg/ha nitrogen and 110 kg/ha phosphorous

was applied to the entire site and all but the southern 3 ha portion
received 2.2 kg/ha hexazinone applied preemergence.
On both sites six 120 m transects covering both treatments were
o

placed 10 m apart and 1 m
of 120 m

plots were taken every 10 m for a total

quadrats per site.

The ends of the transects were marked

with a FVC pipe and flagged so that the same quadrats could be used
again.

All species in the quadrats were recorded (Table 2.1)

and

cover was estimated using a Daubenmire cover scale (Table 2.2)
(Mueller-Dombois and Ellenburg,

1974)

in September of 1984 and 1986.

Grasses were not all in a stage to be identified so these were
grouped as one category and identification of individual species was
made from a collection taken later in the year.

Area not covered by

any species was included in the category of open ground.

Other

species noted in the field but not occurring in the quadrats were
listed but not rated.
Blueberry stems were cut from 60,

0.1 m2 quadrats from

transects located between the cover transects, on each site in
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Table 2.1

Species found in blueberry fields in T-18 and Aurora.

GENUS SPECIES

COMMON NAME

SPECIES RATED
Vaccinium amustifolium
IOWBUSH BLUEBERRY
Vaccinium mvrtilloides
SOURTOP BLUEBERRY
Pvrus melanocarpa
BLACK CHOKEBERRY
Kalmia anoustifolia
LAMBKTLL
Prunus Densvlvanica
PIN CHERRY
Pteridium aauilinum
BRACKEN FERN
SWEETFERN
Carrctonia pereorina
Diervilla lonicera
BUSH HONEYSUCKLE
Anocvnum androsaemifolium
DOGBANE
Rubus sp.
BLACKBERRY
GOLDENRODS
Solidaao sp.
MOSS
Spacmum sp.
WIT LOW
Salix sp.
Pooulus tremuloides
POPLAR
Spiraea latifolia
MEADOWSWEET
Betula Dooulifolia
GRAY BIRCH
Comus canadensis
BUNCHBERRY
COMMON CINQUEFOIL
Potentilia simplex
VIOLET
Viola sp.
Gaultheria procumbens
WINIERGREEN
YARROW
Achillea millefolium
Prunella vuloaris
HEAL ALL
BLACK-EYED SUSAN
Rudbeckia hirta
ASTER
Aster sp.
Fraoaria vircrinia
STRAWBERRY
CLOVER
Trifolium sp.
BLUE FLAG
Iris versicolor
DAISY
Chr/santhejnum leucanthemum
SOW THISTLE
Sonchus arvensis
RED SORREL
Rumex acetosella
GROUND COVER
Open ground
GRASS COVER
Grasses
SPECIES NOTED NOT RATED
ST. JOHNSWORT
Hvpericum perforatum
RHODORA
Rhododendron canadense
NANNYBERRY
Viburnum lentaao
SUGAR PLUM
Amelanchier laevis
RED MAPLE
Acer rubrum
RED OAK
CXaercus rubra
GRASSES AND SEDGES
WILD QAT-GRASS
Danthonia spicata
RED FESCUE-GRASS
Festuca rubra
WOODLAND ERQPSEED
Muhlenbercria umbrosa
PANICUM GRASS
Panicum sp.
SEDGE
Carex sp.
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October of 1984 and 1986 to determine stem density, length, and
number of flower buds.

Blueberry yield was estimated by mechanically

harvesting 10, 0.6 by 60 m strips adjacent to each transect from each
treatment in 1985 and 1987, except on T-18 M.D. in 1987, where total
harvest was used because commercial harvest occurred before samples
could be taken.
Cover data were transformed to percent cover using the midpoints
described by Mueller-Dcmbois and Ellenburg (1974)
yields to kg/ha for analysis and presentation.

(Table 2.2), and

No transformations

were made on the cover data because the uneven interval of the
Daubenmire scale scale compensated for bias (Little, 1985).
Frequency is defined as the number of quadrats in which a species is
present in a field divided by the total quadrats.

Table 2.2 Daubenmire cover scale used to determine species cover
in blueberry fields.
Cover class

Range of cover (%)

Class midpoints

6

95-100

97.5

5

75-95

85

4

50-75

62.5

3

25-50

37.5

2

5-25

15

1

0-5

3

•

0

missing
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Table 2.3 Location, size, hexazinone treatment frequency, pH and CM of
14 fields used in the study.
No.

Location

No.
ha

Herbicide
treatment

pH

Organic
matter (%)

6

Ellsworth

2

twice

4.8

13.7

10

Aurora

6

once

CO
•

12.9

11

Aurora

20

once

4.8

10.5

15

Franklin

8

twice

5.0

13.3

16

T-19 M.D.

180

once

4.6

13.8

17

T-19 M.D.

22

twice

4.4

15.8

18

T-19 M.D.

29

twice

4.3

14.5

28

Jonesboro

40

twice

4.6

9.8

30

Jonesport

10

once

4.5

10.5
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Cooper

1.5

twice

4.9

14.8
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Cooper

2

twice

5.1

15.6

40

Cooper

6

once

4.5

20.0

43

Cooper

8

once

4.7

18.0

44

Cooper

6

once

4.8

15.1

Herbicide treatment = 2.2 kg/ha hexazinone applied once in 1983 or
twice in 1983 and 1985.
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Study at 14 locations
Fields used in this experiment were selected from 47 fields used
in a 1980 Intergrated Pest Management (IFM)
and Ismail

(1981).

study conducted by Brown

Selection of the fields to be used was based on

representative geographical location, prune cycle, and herbicide
treatments in 1973 and 1975

(Table 2.3).

number of species (Table 2.4)

The IFM survey listed a

and used a different rating scale. The

values were modified to an equivalent value on the Daubenmire scale
(Table 2.5)
populations.

and were used to represent the untreated weed
Two comparisons were made, the untreated vs treated

once and the untreated vs the treated twice.
(Table 2.6)
—

(Table 2.5)

Species were listed

and cover was recorded using a Daubenmire cover scale
O

in 1985 from 20-one m

were cut from 30-0.1 m

quadrats; and blueberry stems

quadrats on seven fields treated once in

1983 and seven fields treated twice,
hexazinone (Table 2.3).

in 1983 and 1985, with 2.2 kg/ha

Grasses were not all in a stage to be

identified so these were grouped as one category and identification
of individual species was made from a collection taken later in the
year.

Area not covered by any species was included in the category

of open ground.

Other species noted in the field but not occurring

in the quadrats were listed but not rated.
Cover data were transformed to percent cover using the midpoints
described by Mueller Dombois and Ellenburg (1974)

(Table 2.2).

Frequency is defined as the number of quadrats in which a species is
present in a field divided by the total quadrats, occurrence is the
number of fields a species was present divided by the total number of
fields.
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Table 2.4

Species listed in 1980 I Hi program

Blueberry
Bracken fern
Willow
Maple
Bush honeysuckle
Aspen
Goldenrod
Grasses
Bunchberry
Hop clover
Cherry
Birch
Alder
Interrupted fern
Pearly everlasting
Other fern

Table 2.5
Scale no.

Sweetfem
Sumac
Hardback or meadowsweet
Lambkill
Clover
Blackberry
Rock
Yarrow
Chokeberry
Cinquefoil
Strawberry
St. Johnswort
Rose
Aster
Rhodora
Soil

Rating scale used in 1980 :IHi program.
Scale % equiv.

Midpoint

Daubenmire equivalent

1

<10

5

1

2

10

10

2

3

20

20

2

4

30

30

3

5

40

40

3

6

50

50

4

7

60

60

4

8

>70

85

5
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Table 2.6

Species found in blueberry fields at 14 locations

GENUS SPECIES

COMMON NAME

SPECIES RATED
Vaccinium angustifol ium
LOWBUSH BLUEBERRY
Vaccinium mvrtilloides
SOURTOP BLUEBERRY
Pvrus roelanocarpa
BLACK CHOKEBERRY
Kalmia angustifolia
LAMBKILL
Prunus pensvlvanica
PIN CHERRY
Pteridium acaiilinum
BRACKEN FERN
SWEETFERN
CcBTPtonia pereorina
BUSH HONEYSUCKLE
Diervilla lonicera
Apocvnum androsaemifol ium
DOGBANE
Rubus sp.
BLACKBERRY
Solidago sp.
GOLDENRODS
Spacmum sp.
MOSS
WILLOW
Salix sp.
Populus trernuloides
POPLAR
MEADOWSWEET
Spiraea latifolia
GRAY BIRCH
Betula populifolia
BUNCHBERRY
Camus canadensis
COMMON CINQUEFOIL
Potentilla simplex
Viola sp.
Gaultheria procumbens
Achillea millefolium
Prunella vulgaris
Rudbeckia hirta
MaianthemLim canadense
Aster sp.
Fragaria Virginia
Trifolium sp.
Iris versicolor
Chrysanthemum leucanthemum
Rumex acetosella
Open ground
Grasses
Chelcme glabra
Hypericum perforatum
Hieracium pratense
Gavlussacia baccata
Vicia cracca
Rosa Carolina
Ivsimachia ouadrifolia
T.-inaria canadensis
Rhododendron canadense
Epilobium anoustifolium
Viburnum lentago
Amelanchier laevis
Osnunda clavtoniana
Dennstaedtia punctilobula
Onoclea sensibilis
Prenanthes serpentaria

violet
WINIERGREEN
YARROW
HEAL ALL
BLACK-EYED SUSAN
WILD-LILLY-OF-THE-VALLY
ASTER
STRAWBERRY
CLOVER
BLUE FLAG
DAISY
RED SORREL
GROUND COVER
GRASS COVER
TURTLfHEAD
ST. JOHNSWORT
YELLOW HAWKWEED
HUCKLEBERRY
COW VETCH
ROSE
WHQRLED LOOSESTRIFE
BLUE TOADFLAX
RHODORA
FIREWEED
NANNYBERRY
SUGAR PLUM
INTERRUPTED FERN
HAYSCENLED FERN
SENSITIVE FERN
GALL-OF-THE-EARTH
Continued next page.
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TABLE 2.6

Continued

GENUS SPECIES

COMMON NAME

SPECIES RATED
Acer rubrum
Alnus rugosa
Anaphalis margaritacea
Rhus thyphina
SPECIS NOTED BUT COVER NOT
Prunella vulgaris
Sonchus arvensis
CXiercus rubra
Prunus virginiana
Nemopanthus mucronata
Comus stolonifera
Houstonia caerulea
Aralia nudicaulis
Lilium philadelphicum
Ranunculus acris
Ihalictrum polygamum
Oenothera biennis
Linaria vulgaris
lobelia soicata
Botrvchium so.
Smilacina racemosa
Clintonia borealis
Ranunculus reptans
Sisvrinchium atlanticum
Habenaria lacera
Verbascum thapsus
Galium boreale
Chenopodium album
Oxalis violacea
Mentha arvensis
SPECIES OF GRASS AND SEDGE
Danthonia spicata
Festuca rubra
Poa pratensis
Muhlenbergia umbrosa
Agropyron repens
Panicum sp.
Agrostis gigantea
Phleum pratense
Orvzopsis asperifolia
Agrostis scabra
Festuca capillata
Carex sp.
Agrostis tenuis
Juncus sp.
Anthoxanthum odoratum
Bromus ciliatus
Setaria viridis

RED MAPLE
AIDER
PEARLY EVERLASTING
STAGHORN SUMAC
RECORDED
HEAL ALL
SCW THISTLE
RED OAK
CHOKE CHERRY
ML. HOLLY
RED-OSIER DOGWOOD
BLUETS
WILD SARSASPIRILLA
WOOD LLLY
TALL BUTTERCUP
TALL MEADOW RUE
COMMON EVENING PRIMROSE
BUTTER AND EGGS
SPIKED LOBELIA
GRAPE FERN
FALSE SOLOMONS SEAL
YELLOW CLINTONIA
SEAR WORT
BLUE-EYED GRASS
RAGGED-FRINGED ORCHID
common MULLEN

NORTHERN EEDSTRAW
PIGWEED
WOOD SORRELL
WELD MINT
IDENTIFIED
WILD OAT-GRASS
RED FESCUE-GRASS
KENTUCKY BLUE-GRASS
WOODLAND ERDPSEED
QUACKGRASS
PANICUM GRASS
BLACK BENT GRASS
TIMOTHY GRASS
WHITE-GRAINED MOUNTAIN-RICE
HAIRGRASS
FILIFORM FESCUE-GRASS
SEDGE
RHODE ISLAND BENT
PUSH
SWEET VERNAL-GRASS
FRINGED BRCME-GRASS
GREEN FOXTAIL-GRASS
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Experimental Design

Analysies of variance were used to determine significant
treatment effects.

Error terms were obtained by calculating the

expected mean squares (Damon and Harvey 1987) and specifying the
appropriate error in the hypotheses test of the General Linear Model
program of SAS (SAS Institute, 1985).

All data were analyzed on an

IBM CRJ model 3090 at the University of Maine in Orono.

Means with F

values with probabilities equal to or less than 0.05 were considered
significant and designated by an *, and those with F values having
probabilities equal to or less than 0.01 are considered highly
significant and designated by a **.
Aurora and T-18 Studies
The experimental design for the study at two locations was a
split-plot with the split by treatment and transects nested within
the locations.

The expected mean square (E)MS for cover data in the

study had the following sources of variation:

Y + L+ YL + T(L) +

YT(L) + H + YH + IH + YLH + HT(L) + YHT(L) + QYHT(L)

, where Y is

year, 2 = 1984 or 1986 and is random; L is location, 2 = Aurora or
T-18 and is fixed; T is Transect, 6 per site and is randcm ; H =
Treatment, 0 or 2.2 kg/ha hexazinone and is fixed, Q is quadrat, 5
per transect and is random and cr2 = experimental error (Table
2.7).

Stem sample data used the same model.

Because L and H have no test,

(Table 2.7) Satterwaite's

approximation was used to develop an approximate F test and degrees
of freedom.

L requires an expected mean square of o2 + o2yt(l)

+ cr2^ + c^yl whi0*1 mY te obtained by YL + T(L) - YT(L)
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Table 2.7 Expected values of Mean Squares for cover data at two
locations.
Source DF

Expected value of MS

Y

1

o ■J'lOcx Y*p ^

L

1

o +2 Oo

yt ^

Error MS
2

~^12 Oo y
"h2

° YT(L)

•p ^ Lj "tOcJ yj 4~ 12 Ocr

Use Satterthwaite Approximation

none
o2
° YT(L)

YL

1

o "HOcJ yt(L)-^*

T(L)

10

a2+10a2Yr (l) +20°2t (L)

o2
° YT(L)

YT(L)

10

a2+10a2YT(L)

a2

H

1

a2+5a2YHT(L) +10a2HT

yl

+60a2YH+12OkJ2H

Use Satterthwa ite Approximation

none
a2

YH

1

a2+5a2YHT (L) +60°2YR

IH

1

a2+5a2YHT (L) +10a2HT (L) +3^2Ym+60+a2LH

° YHT(L)

If cr2yiH > 0,2 use a2HT(L)

none

YLH

1

CT2+5a2YHT (L) +30a2YIH

o2
° YHT(L)

HT(L)

10

a2+5a2YHT (L) +10a2HT (L)

a2
° YHT(L)

YHT(L) 10

a2+5or2YHT(L)

QYHT(L) 192

a2

Total

a2

239
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since :

YL

=

YT(L) + YL

+
T(L)

=

YT(L) + T(L)

T(L)

=

YT(L)

T(L) + YL + T(L)

The approximate F ratio, f' = [MS L + MS YT(L) ] / [MS YL + MS T(L) ]
where MS is the mean square.

The degrees of freedom (df) for the

numerator are estimated by [MS L + MS YT(L)]2 / [[MS L]2/df L] +
[MS YT(L) ]2/df YT(L) ] ] and the df for the denominator are estimated
by [MS YL + MS T(L)]2 / [[MS YL]2/df YL] + [MS T(L)]2/df
T(L)]].
H requires an expected mean square of a2 + ct2yhT(L) +
ct2^ + u2ht(l) which may be obtained by YH + HT(L) - YHT(L)
since :
YH

=

YHT(L) + YH

+
HT(L)

=

YHT(L) + HT(L)

YHT(L)

=

YHT(L)

YHT(L) + YH + HT(L)
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The approximate F ratio, F* = [MS H + MS YHT(L) ] / [MS YH + MS
HT(L) ] where MS is the mean square.

The degrees of freedom (df) for

the numerator are estimated by [MS H + MS YHT(L) ]2 / [[MS H]2/df
H] + [MS YHT(L)]2 /df YHT(L) ] ] and the df for the denominator are
estimated by [MS YH + MS HT(L)]2 / [[MS YH]2/df YH] + [MS
HT(L)]2/df HT(L) ] ].
LH also has no test but since in all the cases the F ratio of YLH
was greater than 0.2, this term was pooled in the error and HT(L) was
used as the error term (Winer, 1962).
Significant interactions of year by location and year by location
by treatment for the blueberry stem data required the partitioning by
location and year so the sources of variation used was H + T + HT +
o

and the error terms for H and T was HT.
The sources of variation for the yield data were changed by the

loss of data from the T-18 site in 1987 when rakers harvested the
experimental site before data could be taken, so the total yields are
used for reference but could not be used in the analysis.

The

sources of variation for the first year yield taken in, 1985, is L +
H + LH + a2;

where L is location =

fixed, H is herbicide =

2, Aurora and T-18 and is

2, 0 or 2.2 kg/ha hexazinone and is fixed

and S are the 10 strips in each treatment.
the error has 36 df for a total of 39 df.
terms is the experimental error term.

Each effect has 1 df and
The expected MS for all

The sources of variation for

the second year yield taken in 1987 was Y + H + YH + a2; where Y is
year and is randcm and the remainder is as above.

The degrees of

freedom are also the same as the previous model but the error MS for
H is YH and error MS for Y and YH is the experimental error.
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This

was only for Aurora since only total yields were available for T-18
in 1987.
Study at 14 locations
The experimental design for the cover data in the study at 14
Locations will consider two groups (G), the untreated sampled in 1980
vs seven fields treated (T) once in 1983 and seven fields treated
twice (T), in 1983 and 1985 and both sampled in 1985.

The sources of

variation include: G + F(G) + T + GT + TF(G) + QTF(G), where G is
groups, 2 = 1980 or 1985 and is fixed; F is fields, 14 and are
random; T is treatment, 2 = once or twice and is fixed;

Q is

quadrat, 20 per location and is random (Table 2.8).
The model for the blueberry stem samples was nested.

The sources

of variation for the stems are H + F(H) + T + HT + TF(H) + QTF(H)
where H is herbicide treatment, 2 = once or twice and is fixed ; F is
fields, 14 and is random ; T is transect = 2 and is random ; and Q is
quadrat = 10 per transect and cr2 = experimental error (Table 2.9).
Because H has no test (Table 2.9) Satterwaite1 s approximation was
used to develop an approximate F test and degrees of freedom. H
requires an expected mean square of a2 + a2^^) + a2^ +
o2’y{Y{)

may be obtained by HT + F(H) - TF(H) since :
TH(H) + ht

HT
+
F(H)

TF(H) + F(H)

TF(H)

TF(H)

TF(H) + HT + F(H)
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Table 2.8 Expected values of Mean Squares for cover data at 14
locations.
Source

DF

Expected value of MS

Error MS

G

1

0^+4 CkJ2F+560a2G

2
° F(G)

F(G)

12

£72+40cr2F^Gj

a2

T

1

o2"f"20a2ipp^Gj "l“560o rp

GT

1

o +20a ipp ^Gj ”I"280cj Gp

a2TF(G)
2
° TF(G)

TF(G)

12

cr2+cr2TF (G)

a2

QTF(G)

532

a2

Total

559

Table 2.9 Expected values of Mean Squares for stem data at 14
locations.
Source

DF

H

1

Expected value of MS

o +10u ipp

Error MS

j "114Oct jpp-t-2 0u2p

-I"280-1_q2pj

Use Satterthwaite Approximation

none

+20a2F

a2
° TF(H)

■J_280CJ rp

a2TF(H)

_H40o’ pjp

2
° TF(H)

F(H)

12

CT2+10a2rpp

T

1

O

HT

1

a2+10a ipp

TF(H)

12

°2+<j2tf(H)

QTF(H)

252

a2

Total

279

"I" 10(7 rpp

a2
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The approximate F ratio f' = [MS H + MS TF(H) ] / [MS HT + MS F(H) ]
where MS is the mean square.

The degrees of freedom (df) for the

numerator are estimated by [MS H + MS TF(H)]2 / [[MS H]2/df H] +
[MS TF (H) ] 2/df TF (H) ] ] and the df for the denominator are estimated
by [MS HT + MS F(H)]2 / [[MS HT]2/df HT] + [MS F(H)]2/df
F(H)]].
Results

Aurora and T-18 studies
Two species of blueberry and 29 other species or groups of
species rated for cover on the two sites (Table 2.1).
was also rated as a separate category.
comprised the grasses category.

Open ground

Four grasses and one sedge

Six other species were noted as

present but did not occur in any of the quadrats.
Species cover varied by location (Table 2.10).

There were more

sweet lowbush blueberries in T-18 but more sourtop blueberries in
Aurora.

Aurora had more open ground, while T-18 had more black

chokeberry.

Strawberry, cinquefoil and violet were not found on the

T-18 field and pin cherry or willow were not found in Aurora.
lowbush blueberry and open ground increased with hexazinone
treatment, in some cases more than doubling.
in Aurora but cover was only 2% or less.

Violet also increased

Pin cherry, black

chokeberry, blackberry, meadowsweet, cinquefoil, and strawberry all
decreased with hexazinone application. Grasses and bracken fern had a
significant year by treatment interaction with grasses having less
cover in 1986.

Goldenrod, aster, and sow thistle had a significant

year by location by treatment interaction, all had low cover or were
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not present on T-18 and were reduced to 0 by the hexazinone treatment
on both locations.
Aurora.

Bunchberry and spagnum moss increased in 1986 in

Lowbush and sourtcp blueberry, black chokeberry, pin cherry,

asters, strawberry, lambkill, violet, sweet fern, sow thistle,
wintergreen, yarrow, grey birch, heal-all, bush honeysuckle, and
clover had significant treatment by transect (location) effects and
bunchberry had a significant transect (location) effect.

Dogbane,

poplar, black-eyed susan, blue flag, daisy, and red sorrel shewed no
significant effects.
Blueberry stem data had significant year by location by treatment
or year by location effects so the data were analyzed by year and by
location (Table 2.11).

Number of stems, stem length, and buds were

increased or shewed no effect with hexazinone treatment.

Hexazinone

treatment resulted in more than doubling the yields in 1984 and 1986
in Aurora and in 1984 in T-18 (Table 2.12).

Mean yields were greater

on T-18 in 1986 and the yield on the treated area was nearly three
times that of the nontreated, but no significance test is available
since yields ware obtained from gnawer field records.
Study at 14 locations
Soil pH ranged from 4.3 to 5.1 and organic ratter from 9.8 to 20%
which is in the expected range for lowbush blueberry fields (Treverr,
1951)

(Table 2.3). T\*o species of blueberries, 39 ether species cr

groups of species and open ground was rated for cover ever the 14
locations (Table 2.6).

Twenty’ three other species were noted bur did

not fall within the sample quadrats.

The grass group was comprised

of fifteen species of grasses, a sedge, and a rush (Table 2.6).

ihe

grasses Danthonia spicata (L.) Beauv. occurred on 92? cr tne rields.
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Aoropyron repens (L.) Beauv. on 57%, and Poa pratensis L. and
Muhlenburgia umbrosa Scribn. occurred on 50% of the fields, while all
other grasses and sedges had less than a 50% occurrence.
Significant group effects (fields treated once vs twice) and
significant treatment effects (untreated in 1980 vs treated in 1983,
or 1983 and 1985) on cover and frequency are found in Table 2.13.
Grasses and yarrcw decreased on fields treated twice but since yarrow
was not found on the fields treated twice, no difference in group
effect was observed.

Goldenrod, cinquefoil, wintergreen, medowsweet,

willow, asters, and red maple had significantly less cover when
treated with hexazinone.

Sourtop blueberry increased with treatment

but since this species was not differentiated in the 1980 survey no
increase occurered.

Cover and frequency of both bunchberry and

dogbane increased and was associated with the hexazinone treatment.
Thirty seven other species rated for cover did not shew any
significant change in cover with group or treatment effect (Table
2.14).
Thirty one species had significant field (group) effects for cover
(Table 2.15).

Ten species, including open ground, had occurrences of

100%, twelve had occurrence of 93 to 64% and ten had occurrences of
36% or less.

Blueberry cover ranged from 38 to 69%, open ground from

six to 27%, grasses from less than one to 17%, bunchberry from 0 to
18%, and dogbane from 0 to 4%.

Eighteen species had no significant

field (group) effects (Table 2.16).

Four species had occurrences of

64 to 43%, while all others had occurrences of less than 36%.
was one or less for all these fields.
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Cover

Table 2.10 Effect of hexazinone on species composition and
frequency at two locations, treated in 1984 and 1986.
Hexazinone Cover (Frequency)
(kg/ha) _
Year
T-18
Aurora

Cover (Frequency)
_
T-18
Aurora

1984
1984

Irwbush blueberry
0
42 (97)
16 (80)
57 (100) 50 (100)
2.2

Open ground
12 (67)
17 (73)
33 (97)
41 (97)

1986
1986

0
2.2

15 (97)
26 (100)

44 (100) 17 (90)
63 (100) 46 (97)

Significance Location **
Treatment **
Treatment by Transect (Location) *

21 (87)
36 (97)

Location *
Year by Treatment *

1984
1984

Sourtop blueberry
2 (10)
7 (53)
0
5 (17)
8 (47)
2.2

Grasses
77 (100)
11 (53)

73 (100)
15 (63)

1986
1986

0
2.2

5 (67)
6 (60)

58 (100)
9 (77)

53 (97)
7 (63)

<1 (3)
2 (17)

Significance Location *
Treatment by Transect (Location) *

1984
1984

Black chokeberry
7 (47)
0 (0)
0
<1 (3)
<1 (3)
2.2

1986
1986

0
2.2

7 (40)
1 (10)

0 (0)
0 (0)

Significance Location **
Treatment *
Treatment by Transect(Location) *

1984
1984

Pin cherry
6 (60)
0
<1 (7)
2.2

0 (0)
0 (0)

1986
1986

0
2.2

0 (0)
0 (0)

6 (53)
0 (0)

Significance Location **
Treatment **
Treatment by Transect (location) *

Treatment *
Year by Treatment *
Bracken fern
7 (47)
0 (0)
<1 (3)
<1 (3)
7 (40)
1 (10)

0 (0)
0 (0)

Year by Treatment *

Blackberry
5 (17)
<1 (3)
3 (20)
0 (0)
Treatment *

Continued next page.
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10 (50)
<1 (3)
6 (47)
0 (0)

Table 2.10 Continued.
Hexazinone Cover (Frequency)
(kg/ha) _
T-18
Aurora
Year

1984
1984

Goldenrods
1 (30)
0
2.2
0 (0)

1986
1986

0
2.2

3 (40)
0 (0)

18 (90)
0 (0)
3 (37)
0 (0)

Significance Year by Location
by Treatment **

1984
1984

Asters
0
2.2

0 (0)
0 (0)

2 (47)
0 (0)

1986
1986

0
2.2

0 (0)
0 (0)

8 (80)
0 (0)

Significance Year by Location
by Treatment **
Treatment by Transect (location) **

Cover(Frequency)
T-18

Meadowsweet
2 (30)
2 (13)
<1 (3)
0 (0)
2 (13)
0 (0)

Common cinquefoil
11 (87)
0 (0)
2 (13)
0 (0)
0 (0)
0 (0)

1984
1984

5 (60)
0 (0)

1986
1986

0
2.2

4 (50)
0 (0)

3 (27)
2 (17)

1984
1984

Bunchberry
0 (0)
0
2.2
0 (0)

1986
1986

0
2.2

0 (0)
0 (0)

11 (83)
<1 (3)

Location **
Treatment **

Lambkill
3 (30)
1 (27)

Significance Location **
Treatment **
Treatment by Transect (Location) **

2 (20)
0 (0)

Treatment **

Strawberry
0
0 (0)
2.2
0 (0)
0 (0)
0 (0)

Aurora

4 (30)
2 (10)
4 (27)
<1 (7)

Treatment by Transect (Location) *

1 (27)
3 (27)

Violet
0 (0)
0 (0)

0 (0)
1 (20)

5 (50)
5 (40)

0 (0)
0 (0)

<1 (13)
2 (33)

Significance Year by Location **
Transect (Location) **

Location *
Treatment *
Treatment by Transect(Location)**

Continued next page.
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Table 2.10

Continued.

Hexazinone Caver (Frequency)
(kg ha)
T-18
Aurora
Year

Cover (Frequency)
T-18

Aurora

0 (0)
<1 (3)

1984
1984

Willow
0
<1 (3)
0 (0)
2.2

0 (0)
0 (0)

Spagnum
0 (0)
0 (0)

1986
1986

0
2.2

0 (0)
0 (0)

1 (4)
0 (0)

<1 (3)
0 (0)

Significance Year *

1984
1984

Sweetfem
0
<1 (7)
2.2
0 (0)

1986
1986

0
2.2

<1 (3)
0 (0)

Location *

6 (17)
0 (0)
15 (43)
0 (0)

Significance Year *
Treatment by Transect (location) *

1984
1984

Wintergreen
0
0 (0)
0 (0)
2.2

1986
1986

0
2.2

2 (17)
<1 (3)

1984
1984
1986
1986

0
2.2

<1 (3)
0 (0)

Year *
Sow thistle
0 (0)
<1(3)
0 (0)
0 (0)
0 (0)
0 (0)

<1 (13)
0 (0)

Year by Location by Treatment **
Treatment by Transect (location) *

1 (17)
0 (0)

Yarrow
<1 (13)
0 (0)

0 (0)
0 (0)

0 (0)
0 (0)

<1 (10)
0 (0)

0 (0)
0 (0)

Significance
Treatment by Transect (location) *
Grey birch
0
<1 (3)
0 (0)
2.2

<1 (13)
<1 (17)

<1 (3)
0 (0)
1 (3)
0 (0)

Significance
Treatment by Transect (Location) *

Treatment by Transect (Location) *
Heal all
0 (0)
0 (0)

<1 (10)
0 (0)

0 (0)
0 (0)

0 (0)
0 (0)

Treatment by Transect(Location) *

Continued next page.
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Table 2.10 Continued.
Hexazinone Cover (Frequency)
(kg/ha)
Year
T-18
Aurora

1984
1984

Bush honeysuckle
1 (13)
0
1 (3)
0 (0)
0 (0)
2.2

1986
1986

0
2.2

<1 (3)
0 (0)

3 (23)
<1 (3)

Significance
Treatment by Transect (Location) *

1984
1984

Dogbane
0 (0)
0
2.2
0 (0)

1986
1986

0
2.2

4 (10)
<1 (3)

Cover(Frequency)
T-18

Aurora

Clover
0 (0)
0 (0)

<1 (7)
0 (0)

0 (0)
0 (0)

<1 (3)
0 (0)

Treatment by Transect(Location) *

<1 (3)
<1 (3)

Poplar
<1 (3)
0 (0)

0 (0)
0 (0)

0 (0)
0 (0)

<1 (10)
0 (0)
<1 (3)
0 (0)

Significance
None

None

1984
1984

Black-eyed susan
0 (0)
0 (0)
0
0 (0)
2.2
0 (0)

1986
1986

0
2.2

0 (0)
0 (0)

<1 (10)
0 (0)

Blue flag
<1 (3)
0 (0)
0 (0)
0 (0)

<1 (3)
0 (0)
0 (0)
0 (0)

Significance
None

None

1984
1984

Daisy
0
2.2

0 (0)
0 (0)

<1 (7)
0 (0)

1986
1986

0
2.2

0 (0)
0 (0)

1 (0)
0 (0)

Red sorrel
0 (0)
0 (0)
0 (0)
0 (0)

Significance
None

None
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0 (0)
0 (0)
<1 (13)
0 (0)

Table 2.11 Effect of hexazinone on blueberry growth, at two
locations, treated in 1984 and 1986.

Total / 0.1m2
Year

Location

Hexazinone
treatment Number
(kg/ha)

Length
(cm)

Average
Buds

Length Buds
(cm)

1984
Aurora
1984
Significance

0
2.2

16
44
*

150
352
*

36
108
**

9.8
8.2
*

2.5
2.7
NS

1984
T-18
1984
Significance

0
2.2

33
37
NS

379
392
NS

62
114
**

11.8
10.8
NS

2.1
3.4
**

1986
Aurora
1986
Significance

0
2.2

40
83
**

263
515
**

37
110
**

7.0
6.3
NS

1.0
1.3
*

1986
T-18
1986
Significance

0
2.2

59
116
**

344
868
**

103
340
**

6.0
7.6
**

1.7
3.2
**

NS = nonsignificant, * = 5% level, ** = 1% level of significance.
Year by location by treatment * for number of stems, ** for total
length and total buds. Year by location * for average buds and **
for average length, treatment effects above analyzed by location and
year.
Table 2.12 Effect of hexazinone on blueberry yield at two locations,
treated in 1984 and 1986.
Hexazinone
(kg/ha)
Year

1984
1984
Significance
1986
1986

0
2.2

Yield (kg/ha)
_
T-18
Aurora

560
1198

516
1015

Location NS, Treatment **
0
2.2

2796
6954

487
1576

Significance for Aurora Year by Treatment **
NS = nonsignificant, * = 5% level, ** = 1% level of significance.
No test available for T-18 in 1986, means obtained from grower
records.
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Table 2.13 Effect of hexazinone on species cover and frequency at 14
locations, treated in 1983 or 1983 and 1935 with significant
treatment or group effects.
Year

Hexazinone Cover (Frequency)

Cover (Frequency)

(Kg/ha)

Cnee

Crce

Twice

Twice

Species (Occurrence)

1980 0
1985 2.2
Significance

Open ground(lOO)
6.6 (61) 7.0 (55)
20.0 (97) 25.4 (99)
Treatment **

Grasses(100)
10.1 (60) 5.8 (43)
8.4 (80) 2.9 (27)
Group *

1980 0
1985 2.2
Significance

Goldenrods(100)
2.3 (52) 1.7 (18)
0.4 ( 9) 0.1 ( 2)
Treatment *

Cinquefoil(100)
3.6 (32)
1.1 (23)
0.4 ( 9) <0.1 ( 2)
Treatment *

1980 0
1985 2.2
Significance

Wintergreen(100)
0.7 (32) 1.1 (23)
0.0 ( 0) 0.0 ( 0)
Treatment **

Medowsweet(100)
3.7 (37)
3.8 (30)
0.7 (10)
0.2 ( 4)
Treatment *

1980 0
1985 2.2
Significance

Sourtcp blueberry (100)
0.0 ( 0)
0.0 ( 0)
7.1 (41)
5.2 (45)
Treatment **

Willcw( 93)
0.5 (18)
1.0 (20)
0.1 ( 1)
0.0 ( 0)
Treatment **

1980 0
1985 2.2
Significance

Asters( 93)
1.7 (32) 1.0 (30)
0.1 ( 4) 0.0 ( 0)
Treatment *

Bunchberry( 93)
1.3 (12) 1.8 (17)
10.1 (35) 5.9 (30)
Treatment *

1980 0
1985 2.2
Significance

Red maple( 64)
0.1 ( 3) 0.1 ( 5)
0.0 ( 0) 0.0 ( 0)
Treatment **

Dogbane( 64)
0.0 ( 0) 0.0 ( 0)
2.0 (18) 1.3 (13)
Treatment *

1980 0
1985 2.2
Significance

Yarrow( 36)
0.3 ( 6) 0.0 ( 0)
0.1 ( 3) 0.0 ( 0)
Group *

*

= 5% level, ** = 1% level of significance.
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Table 2.14 Effect of hexazinone on species cover and frequency
at 14 locations, treated in 1983 or 1983 and 1985, with no
significant differences.
Year

Hexazinone Cover (Frequency)

Cover(Frequency)

(Kg/ha)

Once

Once

Twice

Twice

Species (Occurrence)

1980
1985

1980
1985

1980
1985

1980
1985

1980
1985

1980
1985

1980
1985

1980
1985

1980
1985

1980
1985

0
2.2

0
2.2

Lowbush blueberry (100)
53.2 (84) 55.4 (82)
50.1 (96) 57.0 (100)

Black chokeberry (100)
2.3 (29)
1.4 (20)
1.9 (13)
1.9 (15)
Bracken fem( 93)
2.6 (28)
0.9 (17)
2.4 (16)
0.4 ( 4)

Poplar(100)
1.8 (35) 2.9 (29)
0.3 ( 4)
0.5 ( 7)

0
2.2

Bush honeysuckle( 93)
1.5 (17)
0.4 (12)
1.1 ( 6)
0.2 ( 3)

Lambkill
4.8 (27)
5.0 (26)

0
2.2

Grey birch( 86)
0.9 (16)
0.6 (14)
0.7 ( 6)
0.1 ( 1)

0
2.2

Pin cherry( 64)
0.2 ( 3)
1.3 (17)
0.8 ( 6) <0.01( 1)

Rose( 64)
0.2 ( 5)
<0.1 ( 1)

0
2.2

Clover( 64)
1.8 (15) 2.0 ( 8)
0.6 ( 8)
0.0 ( 0)

Blackberry (57)
0.3 (1)
0.3 (7)
0.0 (0)
<0.1 (1)

0
2.2

Spagnum moss( 50)
0.0 ( 0)
0.0 ( 0)
0.3 ( 6) <0.1 ( 3)

Red sorrel( 43)
0.0 ( 0)
0.0 ( 0)
0.3 ( 3)
0.3 ( 7)

0
2.2

St.Johnswort( 36)
0.3 ( 6) <0.1 ( 1)
1.9 (14)
0.0 ( 0)

Huckleberry ( 36)
0.0 ( 0)
0.0 ( 0)
0.5 ( 4)
0.5 ( 3)

0
2.2

Rhodora( 36)
0.6 (10) 0.4 ( 6)
0.8 ( 3)
0.1 ( 3)

0
2.2

Turtlehead( 29)
0.0 ( 0)
0.0 ( 0)
0.5 (11) <0.1 ( 1)

( 86)
3.5 (24)
0.4 ( 9)

Sweetfem ( 71)
1.8 (15)
1.9 (17)
0.1 ( 1)
0.1 ( 2)

Continued next page.
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Violet(36)
0.0 ( 0)
0.1 ( 8)

0.4 ( 5)
0.3 ( V)

0.0 ( 0)
<0.1 ( 1)

Cow vetch ( 29)
0.0 ( 0)
0.0 ( 0)
0.1 ( 3)
0.3 ( 2)

Table 2.14 continued.
Year

Hexazinone Cover (Frequency)

Cover(Frequency)

(kg/ha)

Once

Once

Twice

Twice

Species (Occurrence)

1980
1985

1980
1985

1980
1985

1980
1985

1980
1985

1980
1985

1980
1985

1980
1985

1980
1985

0
2.2

0
2.2

Black-eyed susan(29)
0.0 (0)
0.0 (0)
0.2 (8)
<0.1 (1)

Whorled loosestrife( 21)
0.0 ( 0)
0.0 ( 0)
0.7 ( 6)
0.1 ( 3)

Wild lilly of the valley( 21)
0.0 ( 0)
0.0 ( 0)
<0.1 ( 2)
0.0 ( 0)

0
2.2

Strawberry( 21)
0.0 ( 0)
0.0 ( 0)
<0.1 ( 1) <0.1 ( 1)

Pearly everlasting( 21)
0.1 ( 3)
0.0 ( 0)
0.0 ( 0)
0.0 ( 0)

0
2.2

Staghorn sumac ( 21)
0.0 ( 0)
0.0 ( 0)
<0.1 ( 1) <0.1 ( 1)

Blue flag( 21)
0.0 ( 0)
<0.1 ( 1)
0.1 ( 1)
0.0 ( 0)

0
2.2

Interrupted fem( 21)
0.4 ( 3)
0.0 ( 0)
0.0 ( 0)
0.3 ( 2)

Yellow hawkweed( 14)
0.0 ( 0)
0.0 ( 0)
<0.01( 2)
0.4 ( 2)

0
2.2

Sugar plum( 14)
0.0 ( 0)
0.0 ( 0)
0.1 ( 1)
0.0 ( 0)

Fireweed( 14)
0.0 ( 0)
0.0 ( 0)
<0.1 ( 1) <0.1 ( 1)

0
2.2

Blue toadflax ( 14)
0.0 ( 0)
0.0 ( 0)
3.9 (21)
0.2 ( 1)

Alder( 14)
<0.1 ( 1) <0.1 ( 0)
0.0 ( 0)
0.0 ( 0)

0
2.2

Daisy( 7)
0.0 ( 0)
<0.01( 1)

0.0 ( 0)
0.0 ( 0)

Nanny berry ( 7)
0.0 ( 0)
0.0 ( 0)
0.0 ( 0) <0.01( 1)

0
2.2

Hayscented fem( 7)
0.0 ( 0)
0.0 ( 0)
0.0 ( 0)
0.1 ( 1)

Sensitive fern(7)
0.0 ( 0)
0.0 ( 0)
<0.01( 1)
0.0 ( 0)
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Table 2.15 Effect of hexazinone treatment on species cover and
frequency once vs twice by location, with significant effects.
Treatment
Cover (Frequency)

Cover (Frequency)

Cover (Frequency)

Field Number
Species(Occurrence)

Once
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36
Significance
Field (group)

Once
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36
Significance
Field (group)

Open ground(100)

Grasses(100)

12(87)
11(81)
14(66)
23(91)
18(83)
10(76)
6(81)

4(34)
16(77)
5(63)
17(91)
6(74)
13(98)
6(60)
6(34)
0.7(16)
3(32)
6(35)
7(57)
4(30)
0.9(20)

27(91)
17(82)
11(62)
9(67)
19(91)
12(63)
23(83)

Goldenrods(100)
2(40)
1(40)
0.1(6)
0.7(13)
4(54)
1(51)
2(35)
0.1(6)
1(32)
0.4(17)
<0.1(2)
0.5(13)
5(33)
0.3(13)

kk

**

irk

Cinquefoil(100)

Wintergreen(100)

Medcwsweet(100)

3(37)
5(52)
0.1(2)
0.3(13)
2(23)
1(15)
0.7(16)

0.4(16)
<0.1(2)
0.2(1)
0.2(6)
1(26)
0.5(20)
0.1(5)

4(45)
5(48)
<0.1(3)
0.7(16)
0.6(9)
0.9(22)
6(38)

2(31)
0.3(13)
0.2(6)
0.8(2)
0.4(14)
0.8(13)
0.3(13)

1(17)
0.5(21)
0.3(5)
0.2(8)
0.8(11)
0.8(13)
0.3(10)

**

ic
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2(26)
2(37)
0.6(5)
1(15)
0.2(1)
11(43)
1(23)

**

Table 2.15

Continued.

Treatment
Cover (Frequency)

Cover (Frequency)

Cover (Frequency)

Field Number
Species (Ocx^urrence)

Lcwbush blueberry (100) Sourtop blueberry (100) Black chokeberry(lOO)
Once
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36
Significance
Field (group)

69(95)
54(92)
41(81)
53(100)
38(83)
55(100)
63(90)

3(21)
5(18)
1(20)
0.5(6)
11(46)
2(17)
4(16)

0.7(13)
1(6)
4(30)
2(28)
3(35)
0.7(7)
2(19)

52(94)
58(97)
51(83)
50(73)
62(99)
60(100)
53(100)

6(31)
5(37)
1 (9)
2(15)
1 (V)
4(53)
4(40)

1(14)
0.9(24)
0.7(8)
1(27)
4(21)
1(13)
1(17)

**

Poplar(100)
Once
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36
Significance
Field(group)

**
Bracken fern (93)

*
Bush honeysuckle(

1(26)
2(29)
0.1(3)
0.7(29)
0.1(3)
3(42)
0.5(22)

0(0)
0.1(6)
3(31)
0.1(3)
13(69)
3(37)
0.1(3)

0.1(3)
0.1(6)
0.4(9)
0.1(3)
10(60)
0.4(7)
0.1(3)

0.7(15)
0.1(5)
0.2(8)
0.1(4)
2(34)
11(37)
1(27)

2(9)
0.1(5)
0.5(18)
0.8(13)
1(11)
0.1(3)
0.2(7)

0.1(3)
0.2(8)
0.2(6)
0.3(10)
0.9(14)
0(0)
0.1(3)

**

**

Continued next page.
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Table 2.15 Continued.
Treatment
Cover (Frequency)

Cover (Frequency)

Cover (Frequency)

Field Number
Species (Occurrence)

Willow(93)
Once
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36
Significance
Field (group)
Once
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36
Significance
Field(group)

Bunehberry (9 3)

Asters (9

0.1(3)
0.5(10)
0.1(2)
0.3(13)
0.1(3)
1(37)
0.2(8)

0(0)
0.1(2)
3(13)
4(28)
17(70)
18(61)
4(14)

4(32)
2(33)
0.2(9)
0.6(25)
0.2(9)
0.2(10)
0.4(16)

0.4(3)
0(0)
0.6(17)
0.3(13)
1(13)
0.3(10)
0.1(3)

3(9)
5(32)
3(18)
4(19)
6(40)
0.2(7)
4(27)

2(23)
0.1(5)
0.8(24)
0.5(21)
0.1(3)
0(0)
0.7(27)

**
Lambkill(86)

**
Grey birch(86)

**
Sweetfem(71)

0(0)
0.7(8)
14(70)
6(44)
2(17)
0(0)
0.4(3)

0.1(5)
0.2(8)
0(0)
0.4(16)
0.2(7)
5(54)
0.1(8)

0.1(3)
4(21)
1(18)
0.1(3)
0.1(3)
0(0)
0(0)

0.1(3)
0.4(3)
6(44)
2(19)
0.2(7)
0.6(7)
3(20)

0.1(6)
0.1(3)
0.3(12)
0.2(6)
0.8(9)
0.5(3)
0.2(7)

0(0)
0.5(5)
1(18)
0.3(10)
0.9(14)
0(0)
0.5(3)

**

**

Continued next page.
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Table 2.15

Continued.

Treatment
Cover (Frequency)

Cover (Frequency)

Cover (Frequency)

Field f lumber
Species (Occurrence)

Pin cherry (64)
Once
10
11
16
30
40
43
44
Twice
6
15
17
13
23
35
36
Significance
Field(group)

Once
10
11
16
30
40
43
44
Twice
6
15
17
18
23
35
36
Significance
Field (group)

0(0)
0(0)
2(13)
0.1(3)
0.1(3)
<0.1(2)
0.1(3)
0.6(11)
0(0)
0.5(18)
1(10)
0.1(3)
0(0)
0(0)

Rose(64)
0.4(3)
0(0)
0(0)
0.1(3)
0(0)
0.2(10)
0.2(8)
0(0)
0.9(29)
0(0)
0(0)
0.2(1)
2(20)
0.5(30)

Dogbane(64)
0(0)
0(0)
<0.1(9)
0.2(6)
4(31)
3(17)
0(0)
0(0)
2(8)
0.5(12)
1(10)
0.5(6)
0(0)
0.5(3)

**

**

**

Clover (64)

Violet(36)

St.Johnswort(36)

1(8)
0.3(14)
0(0)
0(0)
4(20)
4(44)
0.1(3)
0(0)
0(0)
0(0)
0(0)
0.1(1)
9(27)
0.5(3)

<0.1(3)
0.1(14)
0(0)
0(0)
0.3(11)
0.1(2)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0.1(3)

**

Continued next page.
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0(0)
3(31)
0(0)
0(0)
2(14)
0(0)
0(0)
0.1(3)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)

Table 2.15 Continued.
Treatment
Cover (Frequency)

Cover (Frequency)

Cover (Frequency)

Field Number
Species(Occurrence)

Rhodora(36)
Once
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36
Significance
Field (group)

Black-eyed susan(29)

0(0)
0(0)
2(15)
1(16)
0.1(3)
0(0)
0.1(5)

0(0)
0(0)
0.01(2)
0(0)
0.4(3)
0.4(22)
0.1(5)

0(0)
0(0)
0.1(3)
0.1(4)
0.3(6)
0(0)
2(23)

0(0)
0(0)
0(0)
0(0)
0(0)
0(2)
0(0)

Ccm

vetch(29) Interrupted fern (21)

Once
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36

0.4(3)
<0.1(3)
0(0)
0(0)
0(0)
0(0)
<0.1(7)

Significance
Field(group)

**

0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
1(8)

0.6(13)
0.2(14)
0(0)
2(19)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
<0.1(6)
0(0)
0(0)

**

*

**

Turtlehead(29)

0(0)
0(0)
0(0)
0.1(3)
0.4(3)
2(15)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)

**

Continued next page.
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Staghorn sumac(21)
0(0)
0(0)
0(0)
0(0)
0(0)
0.1(2)
0(0)
0.3(11)
0(0)
0(0)
0(0)
<0.1(1)
0(0)
0(0)

**

Table 2.15

Continued.

Treatment
Cover(Frequency)

Cover(Frequency)

Field Number
Species (CXx^urrence)

Blue toadflax (14)
Once
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36
Significance
Field (group)

*

0(0)
0(0)
0(0)
0(0)
0(0)
0.1(2)
1(3)
0(0)
0(0)
0(0)
0(0)
9(47)
0(0)
0(0)

**

=5% level, ** = 1% level of significance.

66

Cover(Frequency)

Table 2.16 Effect of hexazinone treatment once vs twice by location
on species cover and frequency, field(group) not significant.
Treatment
Cover (Frequency)

Cover (Frequency)

Cover (Frequency)

Field Number
Species(Occurrence)
Red maple(64)
Once
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36

Blackberry (57)

Spagnum(50)

0(0)
<0.1(2)
<0.1(1)
0(0)
0(0)
0.1(5)
0(0)

0.2(8)
0.7(8)
<0.1(1)
0(0)
0.1(3)
0.2(9)
<0.1(3)

0.5(8)
<0.01(2)
0(0)
0.1(3)
0(0)
0.5(9)
0(0)

0.2(9)
0.1(3)
0.1(3)
0(0)
<0.1(1)
0(0)
<0.1(1)

1(3)
0(0)
0(0)
0.1(2)
0(0)
0(0)
0(0)

Red sorrel(43)
Once
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36

1(8)
<0.1(4)
0(0)
<0.1(3)
0.2(9)
0(0)
0.1(5)
0(0)
0(0)
0(0)
0(0)
0.7(6)
0(0)
0(0)

Yarrow(36)
0.1(5)
0.2(15)
0.4(3)
0(0)
0.1(3)
0(0)
0.4(3)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)

Continued next page.
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0(0)
0.5(8)
0(0)
0(0)
<0.1(3)
<0.1(3)
0(0)

Huckleberry(36)
0(0)
0(0)
0.2(1)
0(0)
0(0)
2(5)
0(0)
0.9(6)
0(0)
<0.1(2)
0(0)
0(0)
2(13)
0(0)

Table 2.16

Continued.

Treatment
Cover (Frequency)

Cover (Frequency)

Cover (Frequency)

Field Nurber
Species (Occurrence)

Vfoorled
Loosestrife(29)
Once
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36

0(0)
0(0)
1(8)
0.1(6)
0(0)
0.1(2)
0(0)
0(0)
0.5(11)
0(0)
0(0)
0(0)
0(0)
0(0)
Blueflag(21)

Once
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36

0(0)
0(0)
0(0)
0(0)
0(0)
0.4(2)
0.1(3)
0(0)
0.4(3)
0(0)
0(0)
0(0)
0(0)
0(0)

Wild lilly
of the valley (6)

Strawberry (21)

0(0)
0(0)
<0.01(1)
0(0)
0.1(3)
0.1(2)
0(0)

0(0)
<0.01(2)
0(0)
0(0)
0(0)
0.1(2)
0(0)

0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
Pearly everlasting (21)
0(0)
<0.1(2)
0(0)
0(0)
0.1(3)
0.4(5)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)

Continued next page.
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0(0)
0(0)
0(0)
0(0)
0.1(1)
0(0)
0(0)
Yellcw hawkweed(14)
0(0)
<0.1(4)
0.2(1)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
1(4)
0(0)
0(0)

Table 2.16 Continued.
Treatment
Cover (Frequency)

Cover (Frequency)

Cover (Frequency)

Field Number
Species (Cbcurxence)

Fireveed(14)
Cnee
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36

0(0)
0(0)
0(0)
0.1(3)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
<0.1(1)
0(0)
0(0)
Nanny berry (7)

Cnee
10
11
16
30
40
43
44
Twice
6
15
17
18
28
35
36

0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
<0.1(1)
0(0)
0(0)

Sugar plum(14)
0(0)
0(0)
0.1(1)
0(0)
0(0)
0(0)
0.1(3)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
Hayscerrted fern(7)

Daisy(7)
0(0)
<0.1(2)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
Sensitive fern(7)

0(0)
0(0)
0(0)
0(0)
0(0)
0.4(5)
0(0)

0(0)
0(0)
0(0)
0(0)
0(0)
0.1(2)
0(0)

0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)

0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
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Table 2.17 Effect of hexazinone on blueberry growth,
treated in 1983 or 1983 and 1985.

Total / 0.1 m2 (1985)

Average

Hexazinone
Treatment
(Kg/ha)

Stem
(No.)

Legnth
(cm)

Buds
(No.)

Legnth
(cm)

Once
Twice

82
79

657
656

137
170

8.6
8.4

Significance NS

NS

**

NS

Buds
(No.)

1.8
2.4
**

NS = nonsignificant, * = 5% level, ** = 1% level of
significance

Table 2.18 Effect of hexazinone treatment on blueberry growth,
by location, treated in 1983 or 1983 and 1985.

Total / 0.1 m2 (1985)
Treatment
Stem
Field number (No.)

Legnth
(cm)

Average
Buds
(No.)

Legnth
(cm)

Buds
(No.)

Once
10
11
16
30
40
43
44

131
92
71
84
52
57
101

951
705
573
562
525
664
774

174
128
151
173
85
111
140

7.5
8.1
8.4
6.6
10.1
11.6
8.0

1.3
1.4
2.3
2.1
1.9
2.0
1.5

Twice
6
15
17
18
28
35
36

63
88
82
99
72
104
63

455
710
694
805
596
854
510

71
158
221
291
134
204
141

7.3
8.5
8.4
8.1
8.6
8.3
8.1

1.1
2.8
2.8
3.5
2.1
2.5
2.3

**

**

Significance
Field (group) **

*

NS

NS = nonsignificant, * = 5% level, ** = 1% level of
significance
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Stez sarples taken free fields in 1935 indicated that fields
treated twiae had tore total buds and zere buds per staz, but the
nuzber and length were not affected (Table 2.17).

Star, nuzber,

length, buds, and average length varied azeng the fields (Table
2.18).

Total meter of stezs varied free 52 to 131 per O.lr2, stsz

length free 455 cr to 951 cr, and buds free 71 to 204 per O.lr2.
Discussion

In the study at two locations, Aurora and 7-13, differences in
the location cr year by location were observed for blueberries, open
ground and 11 other species.

The species present in blueberry fields

are in part dependent on the origin of the field.

The field in

Aurora -was previously a pasture and the field in 7-13 is part of the
blueberry barrens, -which originated iron. cut-over woodland rcre than
one hundred years prior,

rail

(1959) noted differences in frequency

of species in blueberry fields originating free abandoned hay fields
versus --tod lots.

He found no burchberry on abandoned bay fields bet

observed a 7% frequency cr. the wood lots.

In this stud"/, there was a

3% to 5% bunchberry cover and a 27% to 40% bunchberry frequency on
hexazinene treated fields in Aurora, arid re occurrence in 7-73, which
is the opposite cf what Hall (1959) bad found.

Differences in

species occurrence depend net only on past zaragsrent bet or. the
chance recruitment cf species frx seed cr p repayule disseaination
(Aldrich, 1934).
The effect of year is representative cf weather conditions since
certain soecies do better under different sr/irtrrjerta^ conditions,
i.e., wet vs dry cr bet vs cold, so that yearly dif rererces in
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species cover would be expected to occur (Aldrich, 1984).

The

transect (location) or treatment by transect (location) differences
found on 26 of the species indicates that the species distributions
are not uniform in the transects.

This depicts the clonal nature of

the species or the aggregation of seed deposits giving a series of
clumps or an uneven distribution of stems as indicated by Whitford
(1949) and Greig-Smith (1964).
The hexazinone treatment resulted in increased blueberry cover
and open ground and reduced the cover and frequency of many species
to 0 on at least one of the sites, including such species as,
grasses, black chokeberry, bracken fern, pin cherry, blackberry,
goldenrod, meadowsweet, asters, strawberry, cinquefoil, lambkill,
sweet fern, sowthistle, wintergreen, yarrow, grey birch, heal all,
bush honeysuckle, and clover.

Jensen (1985), Jensen et al.

Yarborough and Ismail (1983, 1985), and Yarborough et al.

(1981),

(1986)

indicated that many of these species were controlled by hexazinone
treatment.

The only species that shewed an increase in cover due to

treatment was violet, but cover was less than 2%.

Jensen (1985) also

reported an increase in violet sp. with hexazinone treatments.
Since significant location by year by treatment effects occurred
for the blueberry stem data, mean effects were partitioned and the
treatment effect tested by year and location.

Hexazinone treatment

resulted in an increase in the number of stems and length in all but
the T-18 field in 1984 and an increase in total buds at both
locations both years.
Jensen et al.

These results are consistent with reports by

(1983), Yarborough (1985), Yarborough and Ismail

(1985), and Yarborough et al.

(1986).
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Yield data shewed a 50% increase in 1984, resulting from the 2.2
kg/ha hexazinone treatment.

In 1986, nearly a three-fold increase

from non-treated and treated sites was obtained by commercial harvest
of the field tut no tests of significance could be made because these
figures represent the average of the total harvest yields.

Aurora

also had a three fold increase due to treatment in 1986, and had
greater yields in 1986 vs 1984.

The yield increase in an individual

field may have varied with location, by the density and type of weed
species present, and also by the density of blueberries (Yarborough
et

al. 1986).

The rate of hexazinone used also has an effect on

yield and is optimized at approximately 2 kg/ha (Hanchar et al.,
1985; Yarborough et al., 1986).

Productivity varies among years and

is dependent on climatic factors and success of pollination (Smagula
and Yarborough, 1990).
The hexazinone treatment resulted in a decrease in the cover and
frequency of competitive weed species and allowed blueberry cover,
density, and buds to increase which resulted increased blueberry
yield.

The expected shift or increase in tolerant weed species with

the hexazinone treatments expected by Jensen (1985), McCully (1988),
and Yarborough et al.

(1986) did not occur over the four years of

this study when hexazinone was applied twice in the non-bearing year.
The study at 14 locations compared the species cover from a
survey taken in 1980 to the cover in 1985 on seven fields treated
once in 1985, or treated twice, in 1983 and 1985.

The significant

group effect for the grass species indicates a reduction in cover and
frequency in the fields treated twice.

Yarrow also shewed a

significant group effect tut did not occur on the fields treated
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twice.

A significant treatment effect indicated that there were

fewer grasses, goldenrcds, cinquefoil, wintergreen, meadowsweet,
willow, asters, and red maple after hexazinone treatment.

Sourtop

blueberries, bunchberries, and dogbane increased in cover and
frequency.

Since sourtop blueberries were not differentiated from

the lowbush blueberry in the 1980 survey, the increase was not real.
Other species in the survey, including the lowbush blueberry did not
show a significant change in cover associated with the hexazinone
treatment.
Differences in species cover among the 14 locations are
represented by the significant field (group) effects.

The field means

of cover for the individual species represent the extremes in
variation which may be seen among the fields.

Reasons for these

differences are the same as discussed for the location differences in
the study at two locations.

Of the 49 species and open ground

observed in this survey, 31 had significant field (group)
differences.

Those without significant field (group) effects had

occurrences less than 64% and cover less than 1%.

This would be

expected for those species not well represented, since Daubenmire
(1968) indicated that it is possible to evaluate only the more
abundant species with quantitative analysis.
Although blueberry cover or stems did not increase with the
second hexazinone treatment, the number of blueberry buds increased.
Since the number of buds and average buds per stem are highly
correlated with yield (Trevett, 1962), it is expected that the yield
increased with the second treatment.

Significant variation occurred

in the stem density, length, and buds among the fields.
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This

variation is a function of field origin, past management (Smagula and
Yarborough, 1990), and the natural population variation occurring
within the wild blueberry stands (Hepler and Yarborough, 1991).
Lowbush blueberry cover averaged 50 to 57% and frequency from 97
to 100% on the treated fields, but ranged from 38 to 69% and 73 to
100% for cover and frequency, respectively, among the locations.
Hall et al.

(1979) reported a lowbush blueberry frequency of 21% in

Nova Scotia and 14.5% in Eastern Ontario.

The sourtop blueberry had

a much lower cover and frequency 5.2 to 7.1% and 41 to 45% in Maine
and a frequency of 0.9 to 0.01% in Eastern Ontario and Nova Scotia
(Hall et al., 1979).

Sourtop blueberry tends to decrease in cover

with repeated burning (Vander KLoet and Hall, 1981) and with
hexazinone application (Jensen et al., 1983).
Open ground was the next category on the hexazinone treated
fields with the highest cover, with values of 20 to 25% and a
frequency of 97 to 99%.

Among locations, variation was greater with

a range of 6 to 27% cover and 67 to 91% frequency.

Hall et al.

(1979) found a frequency of bare ground, rock, or litter to be 21% in
Eastern Ontario and 17% in Nova Scotia.

None of the other surveys of

blueberry fields in Maine or Canada noted the area not covered by
plants.
Of the grasses observed, the species with the greatest occurrence
was Danthonia spicata.

Hall et al.

(1979) reported a frequency of

occurrence of 4.4% and 5.4% for Danthonia spicata in Eastern Ontario
and Nova Scotia.

McCully (1988) found a 64% frequency for Danthonia

spicata which was exceeded only by Acrrostis tenuis at 68%.

Bouchard

(1986) reported Carex sp. at 100% occurrence and Oryzopsis sp. at 80%
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occurrence and 55% frequency to be the roost prominent grasses on
fields in Quebec that had not been treated with hexazinone.

The

bunchgrass species Andropocron scoparius Michx. which has become a
serious weed problem in Western Maine (Yarborough, 1988) was not
observed in any of the fields in Eastern Maine.
The species considered to be the greatest problem in a 1974
survey of Maine blueberry growers was Populus sp.
Ismail, 1976).

(Metzger and

Poplar occurred in all fields, but cover on treated

fields was less than one, and average frequency was 7% or less.

This

species is susceptible to hexazinone (Jensen, 1985; DeGomez et al.,
1987) and would be expected to decline.

Hall et al.

(1979) did not

list Populus sp. and McCully (1988) observed a frequency of 4.6% in
Nova Scotia, but Bouchard (1986) reported an occurrence of 100% and
frequency of 45.6% on non-hexazinone treated fields in Quebec.
The species of second roost importance in the survey was lambkill
(Kalroia amustifolia).

Hall et al.

(1979) reported a frequency of

32% for lambkill, higher than that for lowbush blueberry, in Nova
Scotia.

Hall and Aalders (1968) indicated that the repeated burning

in lowbush blueberry fields for pruning resulted in a stand in which
lambkill becomes the dominant species.

McCully (1988) reported a

lambkill frequency of 30% in hexazinone-treated fields.

Bouchard

(1986) reported an occurrence of 100% and frequency of 86% for
lambkill which was the highest in his survey of Quebec blueberry
fields which have not been treated with hexazinone.

In Maine,

lambkill had a cover of 0.4% to 5% and occurrence of 86%; this
species is listed as susceptible to hexazinone (Jenson, 1985; Jenson
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et al., 1983; DeGomez et al., 1987) and would be expected to decrease
with treatment.
Sweetfem was listed as a species of major importance by Chandler
and Mason (1946) in Maine blueberry fields because it created a dense
cover and shaded the blueberries.

Bouchard (1986) found a 95%

occurrence and an 81% frequency of sweetfem on nonhexaz inone treated
fields, and McCully (1988) reported a 12% frequency on treated fields
but Hall et al.

(1979) did not list it.

Sweetfem is susceptible to

hexazinone and would be expected to be reduced
1987).

(DeGomez et al.,

In Maine, hexazinone treated fields had a sweetfem

occurrence of 71% and a cover of 0.4% to 5%.
Black chokeberry has been recognized as a weed species in lowbush
blueberries because it contributes a berry which adulterates the
blueberry pack (Murphy et al., 1974).

Use of selective wipers with

glyphosate or 2,4-D has helped to reduce this species (Yarborough and
Ismail, 1979) and hexazinone use will continue to reduce it
(Yarborough, 1985).

Although it occurred on all fields, black

chokeberry had a cover of 1.9% and frequency of 13 to 15%.
Scotia, Hall et al.,

In Nova

(1979) found a 4.5% frequency, while McCully

found a 20% frequency of black chokeberry. Bouchard (1969) did not
report this species in Quebec.
Dogbane was one of the two species showing an increase associated
with hexaz inone application.

Chander and Mason (1946) described it

as a weed that had an airborne seed and would form a dense canopy
that could shade out blueberries.

Bouchard (1986) reported a 65%

occurrence and 16.2% frequency in Quebec, but McCully (1988) in Nova
Scotia noted only a 1.7% frequency, and Hall (1979) did not list it.
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In hexazinone-treated fields in Maine dogbane had a 64% occurrence
and a 1.3% to 2.0% cover.
blueberry,

Since dogbane is taller than the lowbush

it may be controlled by selective wiper application of

glyphosate (Yarborough and DeGomez,

1987).

Bunchberry also showed an increase in cover with hexazinone use.
It had an occurrence of 93% and a cover of 5.9 to 10.1% and a
frequency of 30 to 35% on hexaz inone treated fields.
cover varied among locations from 0 to 18% cover.

Bunchberry

Bouchard (1988)

found an 80% occurrence and 19.4% frequency in Quebec on fields not
treated by hexaz inone.

Hall and Sibley (1976)

reported that

bunchberry was spreading up to 20% cover over 300 ha of Nova Scotia
blueberry fields before the use of hexazinone, but Hall
reported only a 3.9% frequency.

McCully (1988)

(1979)

indicated that

bunchberry was the most serious weed in Nova Scotia blueberry fields,
since it had the highest frequency (74%)
abundance.

and greatest relative

It is apparent from this and past studies (Jensen et al.,

1983) that hexazinone does not control bunchberry adequately in
lowbush blueberry fields.
Although hexazinone application will suppress many species and
results in reduced competition and increased growth and yield of
blueberries,

it creates large open areas where weeds existed, and

allows for resistant species to spread.

Weed presence will be

different among fields and will necessitate different management
practices to control their spread.

Weeds taller than lowbush

blueberries such as dogbane may be suppressed by selective wiper
applications of glyphosate (Yarborough and DeGomez,
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1987).

Good

sanitation practices will help prevent the spread of these species
into other fields

(Yarborough and DeGomez,

1990).

Management of the open areas is necessary to encourage existing
blueberry clones to spread and to limit invasion of weed species.
The use of mulch will enhance blueberry spread (Smagula and
Yarborough,

1990)

and if high yielding clones are interplanted, then

the plants will spread more rapidly and the productivity of the
fields will be enhanced (Hepler and Yarborough,

1991).

There is no selective means of limiting the spread of
bunchberry.

An assessment of bunchberry competition needs to be made

to determine if it has the potential to became a factor in limiting
lowbush blueberry production and,

if so, then selective means of

limiting its spread in lcwbush blueberry fields should be sought.
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CHAPTER III
BLUEBERRY-HJNCHBERRY COMPETITION IN D3WBUSH BLUEBERRY FIELDS
Abstract

Bunchberry (Comus canadensis L.)

is increasing in density and

distribution in lcwbush blueberry (Vaccinium angustifolium Ait.)
fields in Maine and Nova Scotia.

Replacement series experiments to

assess competitive effects of bunchberry were established on native
stands of blueberries at Blueberry Hill Farm in Jonesboro, ME in 1986
and 1987.

Ten 0.42 m

quadrats were established on prune and crop

fields with cover ratings where c = crop (blueberry)
(bunchberry)

at lOOc/Ow, 75c/25w, 50c/50w,

25c/75w,

and w = weed
Oc/lOOw.

Fruit

were harvested in August and all above-ground growth was cut,
separated, and dry weight determined.

species

Dormant blueberry and

bunchberry plugs from prune fields were transplanted into five,
m2 boxes at 16 plugs/box in the above proportions in April,
and grown in the greenhouse over the summer.
were assessed weekly.

0.42

1987

Plant number and cover

In the field study, relative yield total

(RYT)

was greater than 1 and showed an increase in dry weight with
increasing proportion of bunchberry.

Blueberry relative yield in dry

weight was greater, but bunchberry relative yield was equal or less.
Regression of individual on associate yield indicates blueberry is as
aggressive as bunchberry.

Blueberry fruit number and yield decreased

with increasing bunchberry density.

In the greenhouse study,

relative total yield was greater than 1 and showed a decrease in dry
weight with increasing proportion of bunchberry.

The leaf area index

of blueberry and bunchberry was greater in mixtures than in pure
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stands.

Blueberries are competitive with bunchberry but in native

fields open areas among clones allow faster growing bunchberry to
spread without competition.
Introduction

The principle lowbush blueberry species present in the commercial
growing regions of Maine, the Maritime Provinces of Canada, and
Quebec are the sweet lowbush blueberry Vaccinium amustifolium Ait.
and the sourtop blueberry V. myrtilloides Michx.
1990; Hall et al.,

1979).

amustifolium (Hall,

(DeGomez et al.,

Most of the harvest comes from V.

1978), but in areas developed from the cutting

of woodland, V. myrtilloides can make up a sizeable preportion of the
stand and crop (Hall,

1959).

Both species are winter-deciduous,

broad-leaved low shrubs with ascending branches and a deep tap root.
Each has edible blue fruits and reproduces by seeds and rhizomes
(Hall et al.,

1979; Vander KLoet and Hall,

V. amustifolium is 20 cm.

1981).

Average height for

Its stems and leaves are generally

glabrous, and chromosomes are tetraploid (2n = 48).
has an average height of 25 cm.

V. myrtilloides

Its stems and leaves are densely

pubescent and chromosomes are diploid (2n = 24).
The sweet lewbush blueberry occurs in eastern North America from
Labrador and Newfoundland, west to southern Manitoba and Minnesota,
south to northern Illinois, Pennsylvania, and Delaware and in the
mountains to Virginia and West Virginia and the sourtop blueberry
from central Labrador to Vancouver Island,

61°N in the Northwest

Territories to 39°N in the uplands of the Appalachian Mountains
(Vander KLoet,

1988).

Shelfond (1963)
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indicated that the blueberry

was one of the principle shrubs of the climax and subclimax
communities of the boreal forest.

Curtis

(1959)

indicated that the

lcwbush blueberry is one of the most prevalent ground layer species
in the northern dry forest and is an important constituent of the
dry-mesic forest, northern wet forest, bracken-grassland, and open
bog.

Vander KLoet (1988)

indicated that Vaccinium so. occupies

stable and unstable habitat sites.

Stable sites include headlands,

tundra, balds and slicks, and rocky outcroppings; unstable sites
include successional communities such as burned-over areas, old
fields, boreal forests, and swales and bogs. Recently disturbed
ground of logging roads, railroad tracks roadways and ditches are
rapidly invaded by Vaccinium species.
Both species are endemic and tolerate a wide range of climatic
conditions.

The most important factors limiting the northern range

is winter injury where there is inadequate snow cover (Hall et al.,
1963; Poirier and Cube,

1969).

The lowest latitude is determined by

the amount of winter chilling to complete the requirements for the
dormancy period (Render and Brightwell,
late spring frosts (Jackson et al.,
et al.,

1966).

1972),

The occurrence of

inadequate water (Benoit

1984), and lack of adequate pollinators or poor pollinating

conditions (Wood,

1969)

are factors which contribute to the large

fluctuations in blueberry yield obtained from commercial fields over
the past 70 years (Smagula and Yarborough,

1990).

Attempts to

correlate weather conditions with production in Canada were only
partially successful and no variables were consistent in predicting
blueberry production over a 27-year period (Hall et al.,
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1982).

Many lowbush blueberry stands occur on podsol soils with a sandy
loam texture (Trevett, 1951) which make them susceptible to periodic
drought (Benoit et al., 1984).

Many of the fields are unplcwed, and

have a distinct organic pad with organic matter content exceeding 10%
(Trevett, 1951).

The soil pH is lew, with a range of 4.3 to 4.8

considered optimal for blueberry growth (Trevett and Durgin, 1971).
The soils are characteristically lew in fertility (Trevett, 1962),
which is in part due to the effect of pH on the availability of
nutrients.

Trevett (1962) indicated that nitrogen was the only

consistent limiting nutrient.

The blueberry has a low nitrogen

requirement, and uses the NH4+ form of nitrogen and not the
NO3- form which is preferred by most plants (Cain, 1952; Townsend
and Blatt, 1966).

Bog species including V. mvrtilloides were found

to reabsorb more nitrogen from their foliage preceding leaf
senescence than non-bog species (Small, 1972).

Blueberries have been

shewn to grow in a symbiotic association with a mycorrhizal fungus
(Pearson and Read, 1973a; 1973b) which serves to extend the nutrient
and water absorbing ability of blueberry roots.

The blueberry has

evolved to utilize the most available form of nitrogen in an
efficient manner.

Recent surveys of Maine blueberry fields indicated

that nitrogen was sufficient but phosphorous was limiting (Smagula,
1989).

Currently, fertility recommendations rely on leaf tissue

analysis (Smagula and DeGomez, 1987) for indicating a deficiency.
The principle means of spread is lateral growth of the rhizome
system

(Vander KLoet and Hall, 1981).

Vegetative spread is

relatively slow, from up to 5 cm per year for V. myrtilloides under
heavy competition in old fields to 50 cm per year for V.
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amustifolium on organic soils.

Clones may attain a large size ( >

10 m diameter) and age ( > 150 yr)

(Hall et al., 1979).

The

vegetative spread of V. ancrustifolium was found to be twice that of
V. mvrtilloides on commercial blueberry fields in Maine (Whitton,
N

1964).

long distance dispersal is by seed.

Blueberry fruit is eaten

by a large number of mammals and birds (Martin et al., 1951).
Hall et al.

(1979) indicated that the competing species with the

blueberry occur in four ecological site groups: natural or
undisturbed, post-logging, old field, and blueberry crop.
Kloet and Hall (1981) and Hall et al.
as a competitor with

Vander

(1979) list Comus canadensis

V. mvrtilloides in the Acadian forest and V.

angustifolium in the boreal forest.

On post logging sites, C.

canadensis is listed as a major competitor by Hall (1959) and Hall
and Sibley (1976).

Bouchard (1986), determined that yield in the

Lac-Saint-Jean region of Quebec was negatively correlated with cover
of other species, and that C\ canadensis

had 19.5% frequency and 80%

cover in the plots on which it occurred.

McCully (1988) indicated

that C\ canadensis was the most serious competitor in Nova Scotia
blueberry fields treated with hexazinone because it had the greatest
relative abundance.

Yarborough and Ehowmik (1989a) found C.

canadensis increased in density and frequency with the use of
hexazinone in blueberry fields in Maine.

Although decreases in plant

abundance and diversity and increases in blueberry yield have been
associated with the use of hexazinone (Jenson and Kimball, 1985;
Yarborough and Bhowmbk, 1989a; Yarborough and Ismail, 1985;
Yarborough et al., 1986), the competitive ability of individual
species in lowbush blueberry fields has not been documented.
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V. invrtilloides is shade tolerant (Camp, 1945) and has a higher
relative abundance (FIinn, 1980) and a higher survival potential
(Hall, 1959)

in the Acadian boreal forest than

V. angustifolium.

which is soon shaded out and will become uncommon or sterile under a
full canopy.

V. angustifolium is more abundant in disturbance

communities which result from clear cutting, forest fires, or the
abandonment of agricultural land (Hall et al., 1979; Whitton, 1964).
Commercial fields in Eastern Canada were developed from abandoned
farms (Barker et al., 1964); whereas, many

fields in Maine were

established from land which was burned by Indians in the past or
opened by logging (Munson, 1899).
second year.

Commercial fields are pruned every

V. angustifolium tolerates this practice but it is

deleterious to V. mvrtilloides (Vander KLoet and Hall, 1981), so the
occurrence of V. angustifolium is much greater on managed stands in
Canada (Hall et al., 1979) and Maine (Whitton, 1964).
Blueberry fruit has been a part of man's diet since prehistoric
times.

Indians dried the fruit and blended it with meat (Hedrick,

1919).

European settlers collected and preserved the fruit as well

as eating them raw.

The lowbush blueberry industry exceeds 40,000 ha

in Maine and Canada and produces an average of 32 million kilograms a
year (DeGomez et al., 1990).

A majority of the crop is quick frozen

and used in commercial products such as muffin mix, ice cream,
yogurt, cereal, and wine.
(Hoelper et al., 1988).

A small portion of the crop is sold fresh
Increased demand for the crop has increased

management pressures for increased productivity, mechanical
harvesting, and expanding the area under management (Hall et al.,
1979; Smagula and Yarborough, 1990).
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The bunchberry Comus canadensis L. is a lew herb growing up to
23 cm in height, spreading laterally up to 30 cm a year by
underground rhizomes and reproducing by seed (Hall and Sibley,
1976).

Shoots arise from buds on the rhizomes.

Leaves are alternate

but grow as if in two whorls with the upper being larger and with as
many or more leaves than the lower.

Leaves are entire, pinately

netted growing up to 8.5 cm in length and 5 cm in width.
Inflorescence mechanism is described as explosive (Mosquin, 1985),
consisting of several dozen, small inconspicuous flowers with 4
toothed sepals, 4 reflexed petals, 4 stamens, and a flattened stigma
which is subtended by four large white bracts.

Fruit is a bright red

drupe with a small stone containing a single seed.

Each plant

contains zero to 30 drupes in each cluster (Hall and Sibley, 1976).
There is considerable variation in forms and varieties of C.
canadensis, some of which may be attributed to injury to growing
points (Teeri, 1968; Wagner, 1975).

It is easily confused with the

boreal species C. suecica L..
The bunchberry is a native species (Macoun, 1883) with a trans¬
continental distribution.

It occurs throughout Canada with the

exception of the most northern parts from Labrador to southern
Alaska.

Its southern boundaries pass through West Virginia, Ohio,

Indiana, Wisconsin, Minnesota, Nebraska, Colorado, and California
(Bain and Denford, 1979).

Wherry (1934) studied air and soil

temperature, nitrogen content, and acidity and concluded that
bunchberry could not tolerate soil temperatures in excess of 18 C and
this factor limited its southward migration.
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C. canadensis and the Alaska blueberry V. alaskaense form a major
vegetation zone in southeastern Alaska (A1 aback, 1984), and in
Quebec, Marie-Victorin (1964) indicated that Ch canadensis forms one
of the most important ecological associations on the coniferous
forest floor and to the north of the spruce forest.
mammals disperse its fruit

(Stiles, 1980).

Both birds and

Birds are the major

dispersers (Burger, 1987), with grouse and other game birds feeding
on both fruits and buds (Martin et al., 1951).
deer, Odocoileus hemionus sitkensis

Sitka black-tailed

(Schoen and Wallmo, 1979);

Newfoundland caribou, Rangifer tarandus (Bergerund, 1972), and native
Indians in British Columbia (Lepofsky, 1985) have utilized bunchberry
as a significant part of their diet.

Bunchberry is used in

ornamental plantings in the United States (Tredici, 1984/1985), as a
pot plant in Germany (Whitt, 1987), and has been found to be
particularly good at neutralizing acid rain by removal of H+ ions by
the foliage (Hutchinson et al., 1986).
Clements et al.

(1929) described competition as an interaction

for light and water.

Competition is described by Barbour et al.

(1980) as the mutually adverse effects of plants which utilize
resources in short supply.

Grime (1979) is more precise, defining

competition as the 'tendency of neighboring plants to utilize the
same quantum of light, ion of mineral nutrient, molecule of water or
volume of space'.

Burkholder (1952) categorized ten interactions

which many occur among plant species growing together.

General

interactions among species or populations within species are termed
interference (Radosevich and Holt, 1984).

Competition describes only

one type of negative interference, in which the supply of resources
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is insufficient for unrestricted growth and the species occupy
similar niches so that growth is affected by the reduction of the
limiting resources.

Intraspecific competition is the negative

interaction between plants of the same species.

Interspecific

competition involves negative interference among plants of different
species.
The idea that two competiting species may not coexist permanently
in the same niche is known as Gause's competitive exclusion principle
(Radosevich and Holt, 1984).

The most significant type of

interaction for crop production is the competition that develops with
weed species.

According to Gause's principle, if two species are in

direct competition for the same resources one species should increase
and the other decrease.

If the species differ in their requirements

or specializations, then it is possible for them to coexist.

Many

natural systems are characterized by a high degree of species
diversity and uniform total productivity because of niche
separation.

In the agricultural ecosystem, species diversity and

uniform productivity would be acceptable if relative success and
coexistance were the ultimate goal.

Since the productivity of a

single species, that of the crop, is the objective, then most of the
resources must be directed to the productivity of the crop.
Radosevich and Holt (1984) pointed out that although seme crops are
superior competitors to weeds, it is not enough to allow them to
compete with the hope of eventual weed extinction.

Although temporal

and spatial specializations occur among crop and weed species, the
niche differences are usually not separate enough to allow maximum
crop productivity.
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Plants must budget energy or resources in order to complete their
life cycle successfully by the process of resource allocation.

In

plants the amount of resources allocated to root, shoot, leaf, and
reproductive portions and the amount of time spent in dormancy,
growth and maintenance define the strategy for species survival.
MacArthur (1962) introduced the concept of r and K selection, where
r-selected species are short lived plants which allocate a large
proportion of biomass to reproduction, which has evolved in disturbed
environments, whereas K-selected species tend to be long lived, have
a prolonged vegetative stage, and occupy less disturbed environments.
Most species have strategies which are between the two extremes.
In addition to competition, Grime (1979) proposed that there are
two external factors that limit plant biomass accumulation, stress
and disturbance.

Stress factors limit production, and include

reduced or limited light, water availability, nutrients, or
unfavorable temperatures.

Disturbance is the partial or total

disruption of plant biomass by mowing, tilling, fire, or grazing.
Grime defined plant strategies adapted to survive in 1) high
disturbance, low stress as ruderals; 2) low disturbance, low stress
as competitors; and
tolerators.

3) low disturbance high stress as stress

With high disturbance and high stress, no strategy is

available and plant mortality occurs.

Ruderals are found in highly

disturbed but productive environments and are usually herbs with
short life spans and high seed production.

Competitors are able to

maximize the capture of resources in productive, undisturbed
environments.

They have an extensive vegetative phase of growth.
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Stress tolerators reduce allocations toward vegetative and
reproductive growth and are able to mature in resource-limited or
harsh environments.
Grime arranges the three survival strategies into a triangular
model to describe the equilibrium between stress, disturbance, and
competition.

This allows assigning relative importance of stress,

disturbance, and competition on each of the survival strategies and
to define intermediate strategies.

The lowbush blueberry co-exists

with the bunchberry in a stressed environment of low pH (Trevett and
EXirgin, 1971), nutrient capacity (Trevett, 1962), and water stress
(Benoit et al., 1972).

Disturbance occurs from pruning every other

year and by the use of selective preemergence and postemergence
herbicides and selectively applied nonselective herbicides.

Both

plants survive in light-limiting forest environments and spread
principally by vegetative rhizomes.

Grime (1979) listed ericaceous

species, including V. mvrtillus L., the European bilberry - the
European counterpart of the North American lowbush blueberry, as a
stress survivor in its natural habitat.

Both the blueberry and

bunchberry respond to the reduction in competition and increase in
resources provided by the management of the fields (Yarborough and
Bhowmik, 1989).

These species may be best defined as stress-tolerant

competitors in the crop production system.
Weed scientists have traditionally studied competition with
additive designs (Zimdahl, 1980).

Mixture responses are measured by

adding weed plants to a constant crop population.

The additive

design varies both population density and preportion of the competing
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species resulting in a confounding of these effects.

Interpretation

of the results is limited to economic yield losses.
Limitations of the additive design for studying weed-crop
competition may be overcome by the use of substitutive design, first
described by de Witt and his associates at Wageningen, Holland
(Harper, 1977).

The substitutive experiments or replacement series

approach vary the proportions of two species while keeping the
density constant.

The de Witt analysis is based on the assumption

that the yield of each species in a mixture is proportional to the
share of the environmental resources it can acquire.

The analysis

determines how the two species crowd for the same space or carrying
capacity, which is defined as a composite of all growth factors and
resources.

Both species are grown in monoculture and in various

mixtures to determine quantitative relationships. The species which
is most competitive will acquire the most resources (Trenbath,
1974).

The basic premise of the substitutive experiment is that the

yield of mixtures may be predicted from the species monoculture yield
(Radosevich, 1987).

Yield may be measured as one or more of several

quantitative factors, such as population density, fruit or seed
yield, leaf area, or dry matter.
Harper (1977) described four possible outcomes or models for
interference, which may be used in interpreting the replacement
series results from competition and allelopathy experiments (Dekker
et al., 1983).

The first model (Figure 3.1a) that of mutual

exclusion, illustrates the relationship that arises when the mixed
population of the crop and weed is so lew that they do not compete
with each other or that both species ability to compete with each
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other is equivalent so that interspecific competition is equal to
intraspecific competition.

Results from the mutual exclusion model

are interpreted to mean that both species make identical demands on
environmental resources.
compensation,

The second model (Figure 3.1b), that of

is more frequent.

In this situation the weed provides

more than is expected to the total yield while the crop provides less
than expected.

This is the model for competition where the weed is

more aggressive in capturing resources than the crop and will
eventually replace it.

In the compensation model, the crop and weed

make different demands on growth or they acquire resources with
different efficiencies.

In the third model (Figure 3.1c), that of

negative complementation, one or both species does not contribute its
expected share to the total yield.

This is a case of where the crop

and weed are competing for common limiting resources and illustrates
mutual antagonism.

This situation would arise if each species

damages the environment of the other more than its own (Harper, 1977)
by producing toxins, or the mutually stimulatory effect of
individuals in pure stands is destroyed by mixing (Dekker et al.,
1983).

The negative complementation is a model which describes

mutual inhibition which may be from allelopathy.

In the fourth model

(Figure 3.Id) that of positive complementation, both crop and weed
provide more to the total yield than is expected and that intra¬
specific competition is greater than interspecific competition.

This

indicates that the crop and weed have no common limiting resources or
have different demands on resources so that there is an escape from
competition with the other.

If the growth of the crop or weed occurs

during a period when the other is dormant or absent then neither
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A. Mutual Exclusion
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B. Compensation
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Figure 3.1 Theoretical models for interpreting results of replacement
series experiments using relative yield.
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would compete with the growth of the other.

The positive complemen-

tation model describes symbiosis, where there is mutual gain by each
species.
In a recent review of experimental designs for weed-crop
competition, Rejmanek et al.

(1989)

indicated that the de Witt

replacement series experiments have been the standard method for
evaluating competition in two-species experiments over the past 25
years.

Under this method two monocultures and mixtures are compared

at a single density, which is chosen to represent typical field
densities.

The interpretation includes a comparison between expected

and observed yields with the expected yields being a linear function
of the species proportions in a mixture as described by Harper
(1977).

However, Inouye and Schaffer (1981) revealed that by varying

the experimental densities, the replacement series can give various
competitive outcomes.

This short fall may be overcome by evaluating

several densities (Connolly, 1986; Jolliffe et al., 1984; Firbank and
Watkinson, 1985) to determine how density affects the outcome.
Alternatively, a representative crop density may be used but then
inferences can not be made over a range of densities (Rejmanek et
al., 1989).

Several indicators have been derived from the results of

the replacement series experiments to aid in interpretation of the
outcome.

Harper (1977) describes the relative crowding coefficient,

relative yield, and relative yield total.

Dekker et al.,

(1983) add

the relative replacement rate, the ratio diagram, regression of
individual on associate means, the scaling test, and Sakai test.
Connolly (1986) compared five indicators including the aggressivity
index, competitive ratio, relative crowding coefficient, competitive
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ratio and relative yield total at different densities and found that
the results varied with density except for the relative yield total.
Rejmanek et al.

(1989) suggested that when a standard de Witt

replacement series model is used then an alternative analysis should
be used to present the data.
Relative yield is the yield of a plant in mixture divided by the
yield of a species in a pure stand (Harper, 1977).

Relative yield of

the competing species is combined with the relative yield of the crop
to give relative yield total, which is a measure of aggressiveness
(Radosevich, 1988).

The relative yield total predicts whether the

crop and weed are making demands on the same resources.

Relative

yield total values of 1.0 indicate that the same resources are being
used (Figures 3.1a, 3.1b), values less than 1.0 imply mutual
antagonism (Figure 3.1c), and a relative yield total of greater than
1.0 (Figure 3.Id) suggest that species avoid competition, make
different demands on resources, or maintain a symbiotic relationship
(Radosevich et al., 1986).
Hill (1973) described an alternative approach to expressing the
relationship of competing species in a substitutive experiment by
regressing the individual mean on the associate mean of the species
in a mixture.

The mean yield of one species is regressed against the

monoculture yield times the proportion in which it appears.

When

done for more than one mixture a regression line is generated.

In a

given mixture, for example in the 50% crop 50% weed mixture, the
associate mean is the yield of the 50% crop component of the mixture
which is regressed against 50% of the crop monoculture mean which is
the individual mean.

When a regression function is defined by these
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INDIVIDUAL YIELD

ASSOCIATE YIELD
INDIVIDUAL YIELD
WEAKER

-STRONGER

-EXCLUSIVE

Figure 3.2 Theoretical association between individual and associate
yield for interpreting results of replacement series
experiments.
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pairs the relative ccsnpetitiveness of the crop and weed may be
determined (Figure 3.2).

If the species respond in a mutually

exclusive manner, the regression pairs will lie along a diagonal
between the two axes.

Weak competitors are characterized by a high

individual mean and a low associate mean producing a steeper slope
while the stronger species would have a high associate mean and a lew
individual mean thereby producing less slope.

The implication is

that the more aggressive species is able to capture a greater
proportion of the resources at the expense of the weaker species.
Hill (1973) indicated that if the regression coefficient is
significant then the species is able to compete

over a wide range of

mixture proportions, but if it is not significant then each species
displays a weaker or stronger competitive response, depending on the
proportions of the mixture.

The former would have general compet¬

itive ability whereas the latter would have a frequency-dependent
competitive ability.
The bunchberry is increasing in density and distribution in
lewbush blueberry fields in Maine (Yarborough and Ehcwmik, 1989a) and
in Canada (McCully, 1988).

Since it has become the most prevalent

species after blueberries in fields treated with hexazinone in
Canada, there is a need to determine if this species is a major
competitor with blueberries in native fields.

In order to determine

the competitiveness of bunchberry in lewbush blueberry fields,
replacement series experiments were established in both field and
greenhouse experiments.
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Methods

Greenhouse Study
In April 1987, five blueberry and bunchberry clones were selected
on a pruned blueberry field at Blueberry Hill Experimental Farm in
Jonesboro, Maine.

Each of the clones was used for one replication of

the substitutive greenhouse experiment.

Dormant blueberry and

bunchberry sods 5 cm diameter and 8 cm deep were transplanted into
0.42 by 0.42 x 0.14 m wooden boxes at 16 plugs per box.

The boxes

were filled in with a 1:1 ratio mixture of sand and peat moss which
is used as a blueberry propagation mix.

The ratio of blueberry and

bunchberry plants placed in the boxes corresponded to the following
crop/weed (c/w) ratios, 1.0c/Ow, 0.75c/0.25w, 0.50c/0.50w, 0.25c/
0.75w and Oc/l.Ow (Figure 3.3).
rcMS

The placement of the plugs was 4

of 4 plugs for the 1.0c/Ow, and Oc/l.Ow; 4 blueberry placed

diagonally among 12 bunchberry or 4 bunchberry placed diagonally
among 12 blueberry for the 0.75c/0.25w and 0.25c/0.75w, respectively,
and every other plant for the 0.50c/0.50w ratio.

Five replications

of each of the five treatments equaled 25 boxes.
The boxes were transported to the main campus of the University
of Maine in Orono and randomly placed on benches in the greenhouse.
Plants remained in the greenhouse from April 20 through August 14,
1987, where the average teirperature was 20 C during the day and 18 C
during the night.
as needed.

Plants were checked on a daily basis and watered

Numbers of plants were counted, a cover estimate was made

using the Daubenmire cover scale (Mueller-Dombois and Ellenburg,
1974), and boxes were photographed on a weekly basis beginning April
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Figure 3.3 Five cover ratios used in greenhouse replacement series,
taken at conclusion of experiment.
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30 through August 14, 1987.

Slides of the treatments were projected

on a 0.42 by 0.42 meter grid with 2.5 cm squares.

Area occupied by

blueberry or bunchberry was marked to the nearest half square and
totaled.

Mean area and standard error was calculated for each

treatment for each date.
On August 14, 1987 all plant top growth was harvested.

Leaf area

of blueberry and bunchberry top growth was determined by measuring
the total area in cm with a Licor portable leaf area meter, model
LI-3000.

The belcw ground portion of the plants consisting of roots

and rhizomes were separated from the soil washed, patted dry. The
above and below ground portions of the blueberry and bunchberry
plants were placed in open paper bags and stored in the Deering Hall
drying room at 60 C in Orono, for a month, after which the dry
weights were recorded.
Field Study
Two sections of a commercial blueberry field with abundant
blueberry and bunchberry cover at Blueberry Hill Farm in Jonesboro,
Maine were selected for the field replacement series experiment in
June 1986. In 1986, lower section seven was burned, 2.2 kg/ha
hexazinone, and 83.7 kg/ha urea (46% N) was applied preemergence.

In

1986, upper section five was mewed, 2.2 kg/ha hexazinone and 220
kg/ha 15-15-15 (N-P-K) was applied preemergence.

In 1987, lower

section seven was burned, 2.2 kg/ha hexazinone and 220 kg/ha 15-15-15
(N-P-K) was applied preemergence.

In 1986, upper section five was in

the prune year cycle and lower section seven in the second or crop
year cycle.

In June 1986 and 1987, ten 0.42 m2 quadrats were

located for each of five cover ratios on both prune and crop cycle
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fields and marked with wooden or pvc stakes in each of the four
comers, and identified by a metal number tag and a wire flag.

The

five cover ratios where c = crop (blueberry), and w = weed
(bunchberry) were 1.0c/Ow, 0.75c/0.25w, 0.50c/0.50w, 0.25c/0.75w, and
Oc/l.Ow (Figures; 3.4, 3.5).
Blueberry and bunchberry fruit were harvested with a hand-held
rake in August from all of the quadrats in the crop year cycle in
1986 and 1987.

The samples were held frozen in Deering Hall, Orono,

Me., and the number of berries and their fresh weight were obtained
in the winters of 1986 and 1987.
In September 1986 and 1987, all above-ground blueberry and
bunchberry growth was cut at the ground level on both the prune and
crop year fields.
were obtained.

The number of stems were counted and fresh weights

The stems were placed in open paper bags and stored

in the drying room at 60 C in Deering Hall, Orono.

The number of

stems were counted and dry weight of the blueberry and bunchberry top
growth were recorded over the winter of 1986 and 1987.
Data conversion and analysis
The blueberry and bunchberry stem number, dry weight, fruit yield
means, and standard errors were calculated using the Proc Means
program of SAS (Sas Institute, 1985a).

Relative yield of the

blueberry and bunchberry dry weight were determined by dividing the
dry weight of the 0.25, 0.50, and 0.75 ratios by their respective 1.0
ratio.

Total relative yield was obtained by adding the blueberry and

bunchberry relative yields for each ratio, i.e. the 0.75 blueberry
dry weight was added to the 0.25 bunchberry dry weight.
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Means of

Fioure 3.4 Five cover ratios used in prune field replacement series
experiment, taken at conclusion of study in 1986.
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0.2dc/0. ,ov

Oc/l.Ow

Figure 2.5 Five cover ratios used in crop field replacement series
e^rerirert, taken at conclusion of study in 1986.
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relative yield, total relative yield, and their standard errors were
obtained using the Proc Means program of SAS.
The leaf area index (LAI) was calculated by dividing the leaf
area measurements from the leaf area meter by the proportion of cover
p

it represents in cm , i.e. 1.0 = 100% cover of 38 x 38 cm = 1444
p

p

cm , so the 1.0 leaf in cm

would be divided by 1444, the 0.75

would be divided by 1083, 0.50 by 722, and the 0.25 cover by 361.
Regression of the individual mean on the associate mean is used
to determine relative aggressiveness.

The associate mean is defined

as the mean of the yield at a certain crop component of the mixture,
i.e. the dry weight of blueberry obtained at the 0.5 mixture.

The

individual mean is defined as the monoculture mean times the
proportion represented, i.e. it is the monoculture or dry weight at
1.0 times 0.25, 0.50 or 0.75. The GLM program of SAS (Sas Institute,
1985b) was used to regress the individual on the associate dry weight
means of blueberry and bunchberry respectively.

The linear model,

r2 value, and t test for the hypothesis that the slope is equal to
0

was obtained from this program.
In the field replacement series experiment, the fresh weight of

the blueberry top portion, the fruit number and fruit yield was
regressed against the number of bunchberry stems with the GLM program
of SAS.

The quadratic model, R2 value, and t test for the

hypothesis that the slope is equal to 0 for the linear and quadratic
components was obtained from this program.
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Results

Greenhouse Study
Number of blueberry stems increased rapidly at all cover ratios
up to 41 days after transplanting (DAT), and then increased more
moderately, leveling out at day 109 (Figure 3.6).

Blueberry cover

showed a similar trend with cover increasing at a faster rate 46 DAT
(Figure 3.7).

Bunchberry buds were formed the year before and are

above-ground so the number started off at a higher level and
increased slowly but began to increase at a greater rate 46 DAT
(Figure 3.8).

Bunchberry cover was greater than blueberry cover in

the first 46 DAT but blueberry cover increased at a greater rate
after 46 DAT and exceeded or equaled that of the bunchberry by the
termination of the study at 116 DAT (Figure 3.9).

Stem density-

counts of blueberry and bunchberry obtained upon the termination of
the study indicated a higher density of blueberry stems compared to
bunchberry stems at the same cover ratios (Table 3.1).

Table 3.1 Stem density of blueberry and bunchberry from replacement
series in the Greenhouse, 1987.
Relative proportions
Blueberry/ Bunchberry

100%/

75%
50%
25%
0%

0%
/ 25%
/ 50%
/ 75%
/100%

Number of stems JSE)_
Bunchberry
Blueberry

(0)
46
(8)
95
(16)
141 (13)
177 (17)

313
237
203
93

(30)
(33)
(18)
(9)
0 (0)

0

SE = Standard error of the mean.
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The relative yield of the dry weights of the above-ground
portions of both blueberry and bunchberry exceeded the expected
(Figure 3.10).

The total relative yield was greater than one with

the 0.50/0.50 and 0.75/0.25 bunchberry/blueberry ratios providing the
highest yields.

The relative yields of the below-ground rhizome

portions were more erratic, with yields slightly higher or lower
depending on the ratio (Figure 3.11).

The total relative yield was

greater than 1.25 for the 0.50/0.50 bunchberry/ blueberry ratio but
slightly less than one for the 0.25/0.75 and 0.75/0.25 ratios.
Leaf area index was greater than one for both blueberry and
bunchberry (Figure 3.12).

Bunchberry leaf area was greater when the

proportion of bunchberry was less or the proportion of blueberry was
more.

Blueberry leaf area index increased considerably as the

proportion of bunchberry decreased or the proportion of blueberry
decreased for a leaf area index of 1.6 at the 0/1.0 bunchberry/
blueberry ratio to a leaf area index of 2.5 at the 0.75/0.25
bunchberry/blueberry ratio.
Regressing the individual on the associate yield for the
blueberry and bunchberry dry weights of the above-ground portions of
the plants produced for blueberry, individual yield = 3.73 + 0.51 *
(associate yield) with an r2 of 0.52 and a PR > |T| of 0.0024 for
the Ho: slope = 0; and for bunchberry, individual yield = 3.49 + 0.59
* (associate yield) with an r2 of 0.60 and a PR > |T| of 0.0007 for
the Ho: slope = 0 (Figure 3.13).
Field Study
Stem density counts of blueberry and bunchberry obtained on the
termination of the study, indicated a higher density of blueberry
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BLUEBERRY STEMS

DAYS
BUNCHBERRY/BLUEBERRY
— 0/100

—t— 25/75

50/50

-H- 75/25

Figure 3.6 Number of blueberry stems over time by cover ratio from
greenhouse in 1987.
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PERCENT BLUEBERRY COVER

DAYS
BUNCHBERRY/BLUEBERRY
— 0/100

—I— 25/75

-X-

50/50

-B- 75/25

Figure 3.7 Percent blueberry cover over time by cover ratio from
greenhouse in 1987.
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BUNCHBERRY STEMS

DAYS
BUNCHBERRY/BLUEBERRY
25/75

50/50

~B~ 75/25

-X- 100/0

Figure 3.8 Number of bunchberry stems over time by cover ratio from
greenhouse in 1987.
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PERCENT BUNCHBERRY COVER

DAYS
BUNCHBERRY/BLUEBERRY
i— 25/75

50/50

-B- 75/25

100/0

Figure 3.9 Percent bunchberry cover over time by cover ratio from
greenhouse in 1987.
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DRY WEIGHT - TOP

RELATIVE PROPORTION BUNCHBERRY/BLUEBERRY

RELATIVE YIELD
BUNCHBERRY

-©-BLUEBERRY

TOTAL

Figure 3.10 Relative yield of blueberry, bunchberry and combined top
portion dry weights by relative proportion of blueberry/
bunchberry from greenhouse in 1987.
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DRY WEIGHT - RHIZOME

RELATIVE YIELD
■&- BUNCHBERRY

BLUEBERRY

TOTAL

Figure 3.11 Relative yield of blueberry, bunchberry and combined
rhizome portion dry weights by relative proportion of
blueberry/bunchberry from greenhouse in 1987.
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LEAF AREA INDEX

3
2.5
2
1.5
1
0.5

0

1.0/0

.75/.25

.50/.50

,25/.75

0/1.0

Relative Proportion Blueberry/Bunchberry
Bunchberry LAI

Blueberry LAI

Figure 3.12 Effect of relative proportion of blueberry/bunchberry on
leaf area index from greenhouse in 1987.
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INDIVIDUAL YIELD

ASSOCIATE YIELD
INDIVIDUAL YIELD
-BLUEBERRY

-BUNCHBERRY

Figure 3.13 Individual versus associate yield of blueberry and
bunchberry dry weight of top portions from greenhouse in 1987.
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Table 3.2 Stem density of blueberry and bunchberry from field
replacement series, Jonesboro Me. 1986 - 1987.

Relative proportions
Blueberry/Bunchberry
Blueberry
1986

Number of stems (SE)
Bunchberry
1987

1986

1987

Prune
100%/ 0%
75% / 25%
50% / 50%
25% / 75%
0% /100%

262
240
162
59
0

(20)
(13)
(15)
(9)
(0)

300
281
243
99
i

(25)
(21)
(13)
(13)
a)

2
55
105
152
201

(1)
(?)
(11)
(10)
(12)

4 (2)
44 (6)
85 (5)
145(11)
224 (6)

3
51
87
129
199

(1)
(9)
(8)
(13)
(16)

4 (1)
37 (5)
80(11)
175(13)
224(14)

Croo
100%/ 0%
75% / 25%
50% / 50%
25% / 75%
0% /100%

149
119
132
58
0

(9)
(12)
(17)
(9)
(0)

202
181
166
42
0

(16)
(18)
(11)
(7)
(0)

SE = Standard error of the mean.

stems conpared to bunchberry stems at the same cover ratios (Table
3.2).

For most of the cover ratios, a greater number of stems was

found in the prune vs the crop cycle and in 1987 vs 1986.
In the prune cycle of 1986, the relative yields of the
above-ground portions of blueberry exceeded the expected yield, but
for the bunchberry, the expected yield was exceeded only at the
0.75/0.25 bunchberry/blueberry ratio (Figure 3.14).

Hie total

relative yield was greater than one with the 0.50/0.50 and 0.75/0.25
blueberry/bunchberry ratios providing the highest yields.
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In the prune cycle of 1987, the relative yields of the above¬
ground portions of blueberry exceeded the expected yield, but for the
bunchberry, the expected yield was less than expected at the
0.50/0.50 blueberry/bunchberry ratio (Figure 3.16).

The total

relative yield was greater than one with the 0.75/0.25 blueberry/
bunchberry ratio providing the highest yield.

The results for the

yield cycle of 1987 were similar, with the relative yields of
blueberry exceeding the expected yield, but the bunchberry expected
yield was less than expected at the 0.25/0.75 and the 0.50/0.50
bunchberry/blueberry ratio (Figure 3.17).

The total relative yield

was greater than one with the 0.25/0.75 and 0.75/0.25 blueberry/
bunchberry ratios providing the highest yields.
Regressing the individual on the associate yield for the
blueberry and bunchberry dry weights of the above-ground portions of
the plants in the prune cycle of 1986 produced for blueberry,
individual yield = 16.752 + 0.210 *
0.032 and a PR >
bunchberry,

|t|

(associate yield) with an r2 of

of 0.3430 for the Ho: slope = 0; and for

individual yield = 7.647 + 0.471 *

an r2 of 0.53 and a PR >
(Figure 3.18).
blueberry was,

|T|

of 0.0001 for the Ho: slope = 0

In the crop cycle of 1986, the regression for
individual yield = 17.215 + 0.314 *

with an r2 of 0.118 and a PR >
and for bunchberry was,

|t|

(associate yield)

of 0.0625 for the Ho: slope = 0;

individual yield = 5.787 + 0.666 *

yield) with an r2 of 0.165 and a PR >
slope = 0

(associate yield) with

|T|

(associate

of 0.0001 for the Ho:

(Figure 3.19).

Regressing the individual on the associate yield for the
blueberry and bunchberry dry weights of the above-ground portions of
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DRY WEIGHT - TOP

RELATIVE PROPORTION BUNCHBERRY/BLUEBERRY

Relative Yield
ifc- BUNCHBERRY

-©"BLUEBERRY

©I© TOTAL

Figure 3.14 Relative yield of blueberry, bunchberry and combined top
portion dry weights by relative proportion of blueberry/
bunchberry from field in prune year of 1986.
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DRY WEIGHT - TOP

RELATIVE PROPORTION BUNCHBERRY/BLUEBERRY

Relative Yield
^s-BUNCHBERRY

-©“BLUEBERRY

©I© TOTAL

Figure 3.15 Relative yield of blueberry, bunchberry and cxanbined top
portion dry weights by relative proportion of blueberry/
bunchberry frcm field in yield year of 1986.
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DRY WEIGHT - TOP

RELATIVE PROPORTION BUNCHBERRY/BLUEBERRY

Relative Yield
BUNCHBERRY

BLUEBERRY

TOTAL

Figure 3.16 Relative yield of blueberry, bunchberry and combined top
portion dry weights by relative proportion of blueberry/
bunchberry from field in prune year of 1987.
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DRY WEIGHT - TOP

RELATIVE PROPORTION BUNCHBERRY/BLUEBERRY

Relative Yield
—BUNCHBERRY

BLUEBERRY

TOTAL

Figure 3.17 Relative yield of blueberry, bunchberry and combined top
portion dry weights by relative proportion of blueberry/
bunchberry from field in yield year of 1987.
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INDIVIDUAL YIELD

INDIVIDUAL YIELD
BLUEBERRY

- BUNCHBERRY

Figure 3.18 Individual versus associate yield of blueberry and
bunchberry dry weight of top portions from prune year
field in 1986.
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INDIVIDUAL YIELD

INDIVIDUAL YIELD
BLUEBERRY

-BUNCHBERRY

Figure 3.19 Individual versus associate yield of blueberry and
bunchberry dry weight of top portions from yield year
field in 1986.
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INDIVIDUAL YIELD

INDIVIDUAL YIELD
BLUEBERRY

-BUNCHBERRY

Figure 3.20 Individual versus associate yield of blueberry and
bunchberry dry weight of top portions from prune year
field in 1987.
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INDIVIDUAL YIELD

INDIVIDUAL YIELD
BLUEBERRY

- BUNCHBERRY

Figure 3.21 Individual versus associate yield of blueberry and
bunchberry dry weight of top portions from yield year
field in 1987.
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the plants in the prune cycle of 1987 produced for blueberry,
individual yield = 6.651 + 0.536 * (associate yield) with an r2 of
0.387 and a PR > |T| of 0.0002 for the Ho: slope = 0; and for
bunchberry, individual yield = 8.097 + 0.663 * (associate yield) with
an r2 of 0.538 and a PR > |T| of 0.0001 for the Ho: slope = 0
(Figure 3.20).

In the crop cycle of 1987 the regression for

blueberry was, individual yield =

12.744 + 0.463 * (associate yield)

with an r2 of 0.444 and a PR > |T| of 0.0001 for the Ho: slope = 0;
and for bunchberry was, individual yield = 9.289 + 0.534 * (associate
yield) with an r2 of 0.423 and a PR > |T| of 0.0001 for the Ho:
slope = 0 (Figure 3.21).
Regressing the blueberry fresh weight of above-ground portions of
the plant, the blueberry fruit number and fruit weight in grams per
plot versus the number of bunchberry stems per plot provided the
following relationships, in 1986: top weight = 112.7 - 0.58 *
(bunchberry stems) + 0.0005 * (bunchberry stems)

with an R

of

0.68 and a PR > |T| of 0.0001 for the linear component and 0.4091 for
the quadratic component for the Ho: slope = 0; fruit number = 257.9 1.96 * (bunchberry stems) - 0.0034 * (bunchberry stems)2, with an
R2 of 0.60 and a PR > |T| of 0.0001 for the linear component and
0.0415 for the quadratic component for the Ho: slope = 0; fruit
weight =

92.1 - 1.96 * (bunchberry stems) - 0.0034 * (bunchberry

stems)2, with an R2 of 0.60 and a PR > |T| of 0.0001 for the
linear component and 0.0184 for the quadratic component for the Ho:
slope = 0 (Figure 3.22).
In 1987, the regression relationships were as follows: top weight
= 130 - 0.70 * (bunchberry stems) + 0.0008 * (bunchberry stems)2
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Figure 3.22 Blueberry number, top weight and fruit weight as affected by bunchberry stem density in 1986.
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Figure 3.23 Blueberry number, top weight and fruit weight as affected by bunchberry stem density in 1987.

o

with an R2 of 0.66 and a PR > |t| of 0.0005 for the linear
component and 0.2923 for the quadratic component for the Ho: slope =
0; fruit number = 319.9 - 0.21 * (bunchberry stems) - 0.0040 *
(bunchberry stems)2, with an R2 of 0.30 and a PR > |T| of 0.8353
for the linear component and 0.2904 for the quadratic component for
the Ho: slope = 0, fruit weight =

116.2 - 0.14 * (bunchberry stems)

- 0.0012 * (bunchberry stems)2, with an R2 of 0.33 and a PR > |T|
of 0.6647 for the linear component and 0.3443 for the quadratic
component for the Ho: slope = 0 (Figure 3.23).
Discussion

Greenhouse Study
The first observation on number of stems and cover taken at 10
days after the initiation of growth in the greenhouse revealed a
greater number of bunchberry stems and more cover than that of the
blueberry.

The bunchberry plant has its vegetative buds on or near

the soil surface and is herbaceous; whereas, the blueberry plant
initiates buds from stem sites on the woody rhizome.

In most cases

bunchberry cover exceeds blueberry cover up to 46 days but blueberry
cover equals or exceeds the bunchberry after that date (Figures 3.7,
3.9).

The number of blueberry stems increased at a greater rate up

to 46 DAT and then increased at a much slower rate (Figure 3.6).
Bunchberry stems conversely, had little increase in stem numbers up
to 46 DAT but then increased at a more rapid rate after that date
(Figure 3.8).
In the field, blueberry plants emerge after pruning in early May
when the air temperatures have exceeded 6-10 C for 3-5 days (Hall et
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al., 1979; Vander KLoet and Hall, 1981).

Bunchberry emergence and

growth occurs earlier with weather affecting emergence as much as 2
weeks (McCully, 1988).

The time of emergence in the field and the

greenhouse data suggest that bunchberry has the initial advantage in
the number of stems emerging and cover but the blueberry is able to
equal or exceed the bunchberry in stems emerging and cover later in
the season because growth is occoirring at different times.
The replacement series diagram for the relative yield of the top
growth of the blueberry and bunchberry (Figure 3.10) reveal that both
species did better than if grown in monoculture, and the relative
yield total exceeded 1.

This would indicate that nutrients were not

limiting or that blueberry and bunchberry compete for nutrients at
different times.

The rhizome portion had a relative yield total

greater than one at the 0.5/0.5 blueberry/bunchberry ratio and were
less than one at the other ratios (Figure 3.11).
of the Acadian forest, Flinn (1980)

In the understory

found that blueberry rhizomes

occur at a depth of 6-8 +1 cm and bunchberry rhizomes at 8 +2 cm so
that their proximity would indicate no physical separation in depth.
An equal mixture of blueberry and bunchberry produced better growth
than either alone.
The leaf area index (LAI) is the ratio of the total leaf canopy
area to the area of land and is adversely affected by competition
(Cudney et. al., 1989; Radosevich and Holt, 1984).

The relative LAI

from the blueberry plants increased as the proportion of blueberry
decreased or the proportion of bunchberry increased (Figure 3.12).
The bunchberry showed a similar response to the blueberry but with
much smaller increases.

These results suggest that the blueberry
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leaf growth is greater when grown in association with bunchberry than
when it is grown in monoculture.
The dry weight of the associate yield exceeded individual yield
for both blueberry and bunchberry, and were stronger than a mutually
exclusive relationship, indicating that both species were able to
produce more dry weight in mixtures than alone (Figure 3.13). The
slopes are significant indicating the competitive ability is not
frequency dependent (Hill, 1973).
The greenhouse data suggest that the blueberry and bunchberry are
equivalent in obtaining resources or compete for resources at
different times and grow as well or better in association with each
other than alone.
Field Study
Replacement series experiments were established on native stands
at the Blueberry Hill Experimental Station in Jonesboro, Me. and
reflect stand density from well managed fields using recommended
herbicide and fertility practices.

Since lowbush blueberries have

been developed from a wild population, a wide range in variation
among clones is expected (Hepler and Yarborough, 1991).

Density of

blueberry stems in the monoculture varied between years and crop
cycle (Table 3.2).

Converted to a stems per 0.1 m

for comparison

to past experiments, blueberry stand varied from a high of 170 in
1972 prune cycle to 84 in the 1986 crop cycle.

Blueberry plant stand

at 97 stems/0.1 m2 produced optimal yield and profit from 13
locations in 1981 (Yarborough et al., 1986) and the greatest yield
was obtained from a field with a stem density of 116 stems/0.lm2
from T-18 in 1987 (Yarborough and Bhowmik, 1989a).
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Bunchberry stem

density varied from 113 to 127/stems/0.1 m2, much less than the
blueberry.

McCully (1988) counted stems/1 m2 in his survey of

blueberry fields and found a maximum of 54 stems/0.1 m2 in mixed
stands.

Based on blueberry and bunchberry stands from earlier

experiments the stand density is high, indicating that interspecific
and intraspecific competition could occur.
In 1986 and 1987, the relative yield total was greater than one
in both prune and cropping fields with blueberry doing better than
expected in mixture and bunchberry doing equivalent or producing
slightly less in mixture than in monoculture (Figures 3.14, 3.15,
3.16, 3.17).

Over the two cycles and years the trend is for

blueberry top dry weight to be better in mixture than in monoculture
and bunchberry to be the same or slightly less.

The relative yield

total greater than one indicates that the blueberry and bunchberry
are not competing and suggests that they may be acquiring their
resources at different times.
In 1986, blueberry at lower associate yield levels was weaker and
bunchberry was stronger, but at higher associate yields blueberry was
stronger and both were greater than mutually exclusive.

Blueberry

slope on individual vs associate yield was not significant,
indicating a frequency-dependent competitive ability (Figures 3.18,
3.19).
In 1987, both blueberry and bunchberry slopes were similar and
closer to mutually exclusive indicating equivalent growth.

However,

both had slopes that were significantly different than 0, implying
that they are able to compete aggressively over a wide range of mixed
proportions (Figures 3.20, 3.21).
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Regressing the fresh weights of the top,

fruit weight, and fruit

number of the blueberry against the density of bunchberry stems will
give an indication of the effect of bunchberry density on blueberry
productivity (Cudney et al.,

1989).

In 1986,

increasing the density

of bunchberry stems resulted in a significant reduction of blueberry
fresh weight of the top portion,
3.22).

In 1987,

fruit number, and weight (Figure

increasing stem density decreased blueberry top

weight but the lew R

values and nonsignificant difference for the

slope = 0 indicate other factors were more important in affecting the
fruit number and yield.

Factors such as adequate pollination and

moisture may have had a greater effect on fruit set and development
than the presence of the bunchberry stems.
Evidence from replacement series experiments in both greenhouse
and field at blueberry and bunchberry densities which could be
expected on well managed stands indicated that there is little
competition between blueberry and bunchberry and their growth is
equivalent.

Blueberry and bunchberry occur in association in many

communities throughout North America (Alaback,
Flinn,

1980; Hall et al.,

1984; Bouchard,

1979; Marie-Victor in,

1964)

1986;

and their

niches have evolved to allow both species to survive in association
with one another.
Pruning lowbush blueberries every second year produces stress and
keeps fields at an early successional stage.

Bunchberry was present

with lowbush blueberries on managed stands before the use of
hexazinone (Bouchard,

1986; Hall and Sibley,

to be a competitor (Hall et al.,

1976)

and was considered

1979) because of its presence.

Hexazinone reduced the cover and frequency of many species and
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resulted in an decrease in competition and an increase in blueberry
yield (McCully, 1988; Yarborough and Bhowmik, 1989a; Yarborough and
Ismail, 1985; Yarborough et al., 1986).

Bunchberry has also shown a

response to the hexazinone treatments by increasing in cover and
frequency (McCully, 1988; Yarborough and Bhcwmik, 1989a).
The use of hexazinone has also created open areas among the
blueberry clones, which varied from 15 to 40% (Yarborough and
Bhowmik, 1989a), depending on how long the field has been in
production and how well it had filled in.

In these open areas there

is no conpetition until the plants fill them in, so the most rapidly
growing species would have the advantage.

The bunchberry plant is

more herbaceous than the blueberry and the rate of radial spread is
reported at up to 30 cm per year by Hall and Sibley (1976).

The

blueberry spread on mineral soil is reported to be 10 cm per year but
growth of 50 cm per year may be obtained on organic soils (Hall et
al., 1979).

In the field, the bunchberry spread more rapidly in the

open mineral areas created by the reduction in weed cover.

Since the

blueberry and bunchberry growth when in contact with one another is
equivalent, then the bunchberry will prevent the blueberry plants
from spreading further in the field.

The ability of bunchberry to

spread more rapidly and establish itself before the blueberry makes
it a better competitor than the blueberry.
In the agricultural ecosystem productivity of the crop species is
the objective.

Pruning and the use of herbicides has increased the

productivity of native lowbush blueberry fields.

Resistant species

need to be controlled in order to maintain and increase the
productivity of native stands.

Although bunchberry does not limit
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blueberry growth when grown in association with lowbush blueberry,
its presence will limit the spread and prevent an increase in the
potential yield of the field.

Therefore, it is necessary to reduce

the bunchberry plants and encourage blueberry growth to reach this
goal.
Investigation of selective herbicides to control bunchberry in
lowbush blueberry fields have been explored by McCully (1988),
Yarborough (1985) and Yarborough and Bhowmik (1989b).

The sulfonyl

urea class of herbicides shew some selectivity and are being
evaluated.

Once the bunchberry are removed or before they have an

opportunity to spread, the use of mulch and interplanting high
yielding, tissue-culture propagated plants would enhance the spread
and productivity of the fields (Smagula and Yarborough, 1990).
Current management research is being pursued to reach a goal of a
fully covered, more productive field.
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CHAPTER IV
EVALUATION OF SULPONYL UREA AND IMIDAZOLINE COMPOUNDS FOR
BUNCHBERRY OQNTOL IN IOWBUSH BLUEBERRY FTEIDS
Abstract

The imidazoline conpounds did not provide selective control of
the bunchberry (Comus canadensis L.) and resulted in unacceptable
injury to the lowbush blueberry (Vaccinium angustifolium Ait.).

In

one experiment the sulfonyl urea, chlorimuron, reduced bunchberry
stems and increased blueberry stems but in another it did not reduce
bunchberry stems, but reduced blueberry yield.

An increase in the

number of blueberry buds with the low rates of chlorimuron was seen
in both experiments.

Further research on timing and rates are needed

to determine if the sulfonyl urea herbicides will provide consistent
suppression of bunchberry in lowbush blueberry fields.
Introduction

Lowbush blueberries are produced in Maine, the Maritime Provinces
of Canada, and Quebec through the management of wild stands.

Weed

management consists of biannual pruning, preemergence applications of
hexazinone [3-cyclohexyl-6- (dimethyl-amino) -1-methyl- 1,3,triazine(2,4(1H, 3H)-dione]

(Yarborough et al., 1986), and selective wiper

applications of glyphosate [N-(phosphonomethyl) glycine]
et al., 1984).

(Yarborough

However, not all weed species are controlled by these

treatments.
Hall and Sibley (1976) reported that bunchberry was a prominent
weed in Nova Scotia before the use of hexazinone.
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In a recent

survey, McCully (1988)

indicated bunchberry was the most prevalent

species on fields which had been treated by hexazinone.

In Maine,

bunchberry has increased in frequency and cover with hexazinone
treatments (Yarborough and Bhowmik,
chlorobenzo-nitrile)

1989).

Dichlobenil (2,6-di-

is used to control bunchberry in highbush

blueberries (V. corvmbosum L.) and cranberry (V. macrocarpon Ait.)
but did not adequately suppress the bunchberry in lowbush blueberry
fields (Yarborough, 1985).

Since the bunchberry has a rhizomatous

growth habit similar to the lowbush blueberry (Hall and Sibley,
1976), it grows in areas between and among the blueberry clones,
making it difficult to apply non-selective treatments.

A selective

herbicide is needed to limit the growth and spread of the bunchberry
in lowbush blueberry fields.

Two new herbicide classes, the sulfonyl

ureas and the imidazolines, have been developed recently and warrant
field trials to determine their efficacy against bunchberry and
tolerance to blueberry.
The sulfonyl urea herbicides are being used to control annual
broadleaf weeds in cereal crops, they have preemergence and
postemergence activity with good residual control at lew rates of
application (Hageman and Behrens, 1981; Levitt, 1983; Levitt et al.,
1981).

Use of these herbicides has expanded to other crops such as

grapes (Warmund and Patterson, 1986) and white pine (Kuhns and Kaps,
1986).

The sulfonyl urea herbicides are potent inhibitors of cell

division.

Treated plants quickly stop growing and die slowly showing

chlorosis, vein discoloration, terminal bud death, and necrosis
(Blair and Martin, 1988; Sauers and Levitt, 1984).

Ray (1982; 1984)

reported no effect on photosynthesis, respiration, or RNA or protein
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synthesis.

He reported that only cell division and growth were

affected by sulfonyl urea herbicides, which prevented the formation
of the amino acids valine and isoleucine, and that inhibition of the
enzyme acetolacate synthase was the site of action.

The basis of

selectivity of tolerant broadleaf plants and grasses has been
identified as differential metabolism; tolerant plants are able to
metabolize the sulfonyl urea much more rapidly than susceptible
plants (Blair and Martin, 1988; Hageman and Behrens, 1984; Hutchison
et al., 1984).

Soil texture, organic matter, moisture, and

temperature were found to have profound effects on persistence,
movement, and degradation of sulfonyl urea herbicides (Blair and
Martin, 1988; Fredrickson and Shea, 1986; Martin and Blair, 1988;
Nalewaja and Woznica, 1985; Thirunarayanan et al., 1985; Mersie and
Foy, 1985, 1986).

Soil microorganisms actively metabolize sulfonyl

urea herbicides (Rudfeldt, 1988; Joshi et al., 1985) and the lew
application rates and low human toxicity make them attractive from an
environmental and human health standpoint.
The imidazoline class of herbicides is broad spectrum and labeled
for use in soybeans to control certain grass and broadleaf species
(American Cyanamid, 1985).

These herbicides are absorbed by both

roots and foliage and are translocated in the xylem and pholem with
accumulation in the meristematic regions (Wilcut et al., 1988).
These herbicides inhibit acetohydroxyacid synthase, the first common
enzyme leading to the biosynthesis of valine, leucine, and isoleucine
(Anderson and Hibberd, 1985; Shaner et al., 1984).

Differential

metabolism in plants is important in determining species
susceptibility (American Cyanamid, 1985).
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Brcwn et al.

(1987)

reported that detoxification by rapid oxidation was the mechanism by
which tolerance was obtained in com and wheat vs wild oats.
Imidazoline herbicides are rapidly degraded by soil microorganisms,
but as with the sulfonyl urea herbicides the soil texture, organic
mater, pH, moisture, and temperature all effect efficacy and
breakdown (Basham and Lavy, 1987; Goetz et al., 1986; Renner et al.,
1988) .
The sandy texture, low pH, and high organic matter (Trevett,
1951) generally found in lowbush blueberry fields may influence the
efficacy and toxicity of soil-applied herbicides.

Evaluation of new

herbicides under field conditions is necessary to determine their
effectiveness and to assess lowbush blueberry plant tolerance.

The

objective of these studies was to investigate the rates and timing of
two sulfonyl urea and three imidazoline herbicides for selective
suppression of bunchberry in lowbush blueberry fields and to evaluate
their effect on blueberry growth and yield.
Methods

Field layout
In the first experiment, two sulfonyl urea herbicides,
chlorimuron

[2-[ [ [ [ [ (4-chloro-6-methoxy-2-pyrimidiny 1)amino]

carbonyl] amino] sulfonyl] benzoic acid], and thiameturon [ 3— [ [ [ [ [ (4—
methoxy-6-methyl-l, 3,5-triaz in- 2 -yl) amino ] carbonyl ] amino ] sulfonyl ] 2-thiophenecarboxy 1 ic acid]; and three imidazoline herbicides,
imazapyr [ (±) -2- [4,5-dihydro-4-methyl-4- (1-methylethyl) -5-oxo-IHimidazol-2-yl]-3-pyridinecarboxylic acid], imazaquin [2-[4,5-dihydro4-methyl-4- (1-methylethyl) -5-oxo-lH-imidazol-2-yl ] -3 -quinol inecar-
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boxylic acid], and imazethapyr [ (±)-2-[ 4,5-dihydro-4-methyl-4 (1-methyl-ethyl) -5-oxo-lH-imidazol-2-yl ] -5-ethyl-3-pyridine car¬
boxylic acid], were included to determine their efficacy for
bunchberry control and phytotoxicity to lowbush blueberries.
Experimental plots established on Blueberry Hill farm were treated
preemergence at 0, 35, and 70 gm

active ingredient (ai) /ha for

chlorimuron, 0, 22, and 44 gm ai/ha for thiameturon, and 0, 23, and
46 gm ai/ha each for imazapyr, imazaquin, and imazethapyr on May 20,
1987.

Postemergence treatments were at 0, 18, and 35 gm ai /ha for

chlorimuron, 0, 11, and 22 gm ai/ha for thiameturon, and 0, 12, and
23 gm ai/ha for imazapyr, imazaquin, and imazethapyr on July 16,
1986.

All treatments were applied by a Co2-backpack sprayer at 207

kPa in 187 1/ha water.
alleyways.

Plot size was 1.5 by 3 m with 0.5 by 3 m

Ratings, where 0 = no effect and 10 = complete control or

injury, were made on blueberry and bunchberry stand in August, 1986
and 1987.

Two, 0.05 m2 subsamples were cut from each plot in

October and the number of stems were counted and measurements were
made on blueberry stem length and number of flower buds.

Yields were

obtained by harvesting the plots mechanically in August of 1987.
In a second study, plots were established at Blueberry Hill Farm
in an area with a heavy bunchberry infestation in May, 1987.
Chlorimuron was applied with a Co2-backpack sprayer at 0, 18, 35,
70, and 140 gm ai/ha with 0.5% nonionic surfactant in 187 1/ha water
on May 11, after bunchberry were fully emerged, and at blueberry tip
dieback, on July 9, 1987.

Plot size was 1 by 3 m with a 1 by 3 m
9

alleyway.

Bunchberry plants were counted from two 0.1 m

subplots

in May, 1987 and recounted from the same quadrats in 1988 to get an
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accurate effect of chlorimuron on stand.

A visual rating (0 to 10

scale) of efficacy on bunchberry and injury to blueberry was made in
August, 1987.

Blueberry stems were cut from two, 0.05 m2 subplots

in September, 1987 to assess the effects of treatments on stand
density and blueberry growth and development.

Plots were harvested

mechanically in August, 1988 to determine the effect on blueberry
yield.
Experimental design
In both experiments, analysis of variance was used to determine
significant treatment effects.

Error terms were obtained by

calculating the expected mean squares (Damon and Harvey, 1987) and
specifying the appropriate error in the hypotheses test of the
General Linear Model (GLM) program of SAS (SAS Institute, 1985).

All

data were analyzed on an IBM CRJ Model 3090 at the University of
Maine in Orono.

Means with PR > than 0.05 were considered

significant and designated by an *, and those with PR values > than
0.01 are considered highly significant and designated by a **.
Significant interactions were partitioned and orthogonal contrasts
were used to determine the trends among the rates by using the GLM
procedure of SAS (SAS Institute, 1985).
In the first experiment, the experimental design was a
split-split- plot with two dates, five herbicides at three rates
replicated six times for a total of 360 plots. The expected mean
square E(MS)

for the data in the study with subsampling used the

following sources of variation: B + D + BD + T + BT + TD + BID + R +
RB + RD + RBD + RT + RTB + RIB + RID + RTDB + SRTDB 4- a2, where B
is blocks 1 to 6 and is random; D is date of preemergence or
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postemergence application and is fixed; T is treatment of one of five
herbicides and is fixed; R is rate of the herbicide treatment and is
fixed, S is subsample, two per plot for stem counts and samples and
is fixed and o

= experimental error (Table 4.1).

Visual

evaluation of injury and yield data did not have any subsamples so
RTDB would be the error term and there would be only 179 total
degrees of freedom (df).
In the second experiment the experimental design is a split-plot
with five rates of chlorimuron applied at two times and replicated
five times for a total of 50 plots.

The expected mean square E(MS)

for the data in the study with subsampling used the following sources
of variation: B

+ D + BD + R+ BR+DR + BCR + SBDR + a2, where B

is blocks 1-5 and is random; D is date of treatment: emergence or
tip blueberry or bunchberry dieback and is fixed;

R is rate of the

herbicide treatment and is fixed; S is subsample, two per plot for
stem counts and samples and is fixed; and a2 = experimental error
(Table 4.2).

Visual evaluation of injury and yield do not have any

subsamples and therefore, BCR would be the error term and there would
be only 49 total df.
Results

In the first experiment, preemergence applications of the
sulfonyl urea herbicides had no effect on either the blueberry or
bunchberry (Table 4.3). Preemergence applications of the imidazoline
herbicides injured both blueberry and bunchberry and resulted in
reduced stem numbers in all cases except for imazaquin, which did not
reduce bunchberry stem numbers. Injury observed on the untreated
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Table 4.1 Expected values of mean squares for stem data of first
experiment at Blueberry Hill Farm, Jonesboro, Me.
1986-1987.
Source

DF

Expected MS

Error MS

a2

B

5

O2+60<J2B

D

1

<j2+3 Oo^gg+lS Ocr2 D

a2BD

BD

5

a2+30a2BD

a2

T

4

cr2+12a2gI,+72cr2T

BT

20

O^+^C^gp

TD

4

O

TDB

20

ct2+6<j2tdb

a2

R

2

cr2+2 0a2gg+12 Oo2^

a2RB

RB

10

cr2+20a2gg

a2

RD

2

o

RED

10

a2+10a2RBD

a2

RT

8

a +4a2RrB+24cj gp

a2RTB

RTB

40

a2+4<j2RpB

a2

RTD

8

a2+2a2RrDB+l2(T2RrD

a2RTDB

RTDB

39

o2+2cj2rtdb

a2

SRTDB

181

a2

Total

a2BT

a2

+6O rpgg-t_36CJ rpg

4" 10a2•pgj-^4~60cj pp

359
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2
°

TBD

a2RBD

Table 4.2 Expected values of mean squares for stem data of second
experiment at Blueberry Hill Farm, Jonesboro, Me.
1987-1988.
Source

DF

Expected MS

Error MS

B

4

CT2+20a2B

D

1

a2+10a2BD+50a2D

BD

4

°2+10<j2bd

R

4

cr2+4a2BR+2 0<j2r

BR

16

a2+4a2m

a2

DR

4

a2+2a2BDR+10a2DR

° BDR

BDR

16

a2+2(72BDR

a2

SBDR

50

a2

Total

a2
a2BD
a2
a2BR

2

99

imazapyr and imazethapyr were due to spray drift on the control
plots.

Postemergence application of thiameturon had no significant

effect but the chlorimuron treatments resulted in an increase in
blueberry stems and a decrease in bunchberry stems (Table 4.3).
Postemergence applications of the imidazoline herbicides resulted in
less injury and control than the preemergent applications but did not
affect stand with the exception of an increase in blueberry stems at
the 12 gm ai/ha rate of imazapyr.
Carryover ratings on the blueberry or bunchberry and measurements
on the blueberry for the preemergence applications of the sulfonyl
urea herbicides chlorimuron and thiameturon indicated no effect, but
blueberry yield was reduced by the latter herbicide (Table 4.4).
Postemergence applications of the imidazoline herbicides resulted in
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sustained injury of both blueberry and bunchberry and resulted in
reduced stem length and buds as well as a decrease in yield in all
cases except for imazapyr.

Injury observed for the untreated

imazapyr was due to spray drift onto the control plots which resulted
in no yield on half of the plots, which is the reason for the lack of
significance.
Postemergence applications of chlorimuron and thiameturon had no
significant effect on blueberry stem length, buds, or yield (Table
4.4).

Postemergence applications of the imidazoline herbicides

resulted in less plant injury than the preemergence applications but
either produced no effect or resulted a reduction of blueberry growth
and yield.
In the second study, both blueberries and bunchberries were
injured by increasing the rate of chlorimuron applied either at
emergence in May or at tip dieback in July (Table 4.5).
was observed with the treatments applied at emergence.

More injury
Plant injury

consisted of a red cast of the leaves and an appearance of shorter
plants but no necrosis was observed.

Although total stem number and

total length were not reduced, total and average buds decreased with
the higher rates of chlorimuron (Table 4.5).

Average stem length was

reduced by the chlorimuron treatments at emergence but not by the
later treatments.

The 18 and 35 gm ai/ha rate increased total and

average buds at emergence and average buds at tip die-back.
Chlorimuron did not reduce the number of bunchberry stems but the
treatment at emergence resulted in a decline in blueberry yield as
the chlorimuron rate was increased (Table 4.6).
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Table 4.3.
Effect of herbicides on injury of blueberry and
bunchberry in 1986 at Jonesboro, Me.

Herbicide

Rate
gm ai/ha

Stems(0.1m2)

Injury (0-10)
Blueberry

Bunchberry

Blueberry

Bunchberry

Preemercrence treatments
Chlorimuron 0
35
70
Significance
Thiameturon 0
22
44
Significance
Imazapyr

0
23
46
Significance

Imazaquin

0
23
46
Significance

Imazethapyr 0
23
46
Significance

0
3.0
1.5

0
2.2
0.9

60
44
90

76
51
45

NS

NS

NS

NS

0
1.5
1.4

0
0.7
0.7

78
90
62

32
35
51

NS

NS

NS

NS

4.7
10
9.3

3.8
9.8
9.3

17
0
0

71
2
0

Q*

Q*

L**

Q**

0
6.0
7.6

0
3.8
5.3

73
19
26

48
48
47

Q**

L*

Q**

NS

3.0
9.3
9.7

2.5
9.3
9.5

76
2
0

42
8
2

Q**

Q**

Q**

L**

Continued on next page
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Table 4.3 Continued.

Herbicide

Rate
gm ai/ha

Injury (0-10)
Blueberry

Bunchberry

Stems (0.1m2)
Blueberry

Bunchberr

Postemercrence treatments
Chloriinuron 0
18
35
Significance
Ihiameturon 0
11
22
Significance
Imzapyr

0
12
23
Significance

Imazaquin

0
12
23

Significance
Imazethapyr 0
12
23
Significance

0
0.5
1.6

0
0.2
1.2

39
50
84

59
41
32

NS

L*

L*

L*

0
0.8
2.0

0
0
0.4

64
78
71

51
34
43

NS

NS

NS

NS

0
5
5.4

3.8
2.7
3.4

76
122
56

51
26
47

Q**

L**

Q**

NS

1.3
1.0
0.8

0.8
0.3
0.8

65
112
94

43
22
46

NS

NS

NS

NS

0
0.7
1.2

0.8
0.3
0.8

86
81
91

33
48
46

L**

L**

NS

NS

*=5%, **=10%, L = linear trend, Q = quadratic trend, NS =
nonsignificant
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Table 4.4.
Effect of herbicides on blueberry and bunchberry injury
and stem length, number of buds and yield of blueberry at Jonesboro,
Me.
1986-1987.

Herbicide

Rate
gm ai/ha 1987 Injury
(0-10)

Length Buds
(cm)
(0.1m2)

Blueberry Bunchberry

Yield
(kg/ha)

Blueberry

Preemeroence treatments
0
1.0
1.5

0
0.8
0

204
150
278

59
70
66

2939
1975
2630

NS

NS

NS

NS

NS

0
0.8
0.2

0
0.2
0

313
259
209

90
95
71

5651
2675
1629

NS

NS

NS

NS

L**

5.5
10
10

2.2
9.2
9.3

103
0
0

11
0
0

L**

L**

L*

NS

NS

0
3.4
4.2

0
2.0
0.3

329
50
62

70
10
2

2275
459
146

L**

NS

L**

L**

L**

1.2
9.2
10

0
7.8
8.8

279
6
0

131
0
0

1320
0
0

Significance L**

L**

L**

L**

L**

Chlorimuron

0
35
70

Significance
Thiameturon

0
22
44

Significance
Imazapyr

0
23
46
Significance

Imazaquin

0
23
46

Significance
Imazethapyr

0
23
46

Continued on next page.

158

628
0
0

Table 4.4.

Continued

Herbicide

Rate
gm ai/ha

1987 Injury
(0-10)

Length
(cm)

Buds
Yield
(0.1m2) (kg/ha)
Blueberry

Blueberry Bunchberry

Postemercrence treatments
0
0
0.7

0
0
0.2

196
269
380

54
91
107

5151
3413
3540

NS

NS

NS

NS

NS

Thiaroeturon 0
11
22
Significance

0
0
0.3
NS

0
0
0
NS

282
270
397
NS

77
80
141
NS

3567
3121
2030
NS

Imzapyr

2.0
9.8
8.4

0
4.5
4.0

345
474
255

101
9
5

4359
0
1048

L**

L**

Q*

L*

L*

1.5
0.6
0.5

0.3
0
0.2

310
465
387

58
108
66

3103
2285
2566

NS

NS

NS

Q**

Q**

0
3.0
5.0

0
0.5
0.3

397
343
437

114
51
38

4995
428
209

L**

L**

NS

L**

Q**

Chlorimuron 0
18
35
Significance

0
12
23
Significance

Imazaquin

0
12
23

Significance
Imazethapyr 0
12
23
Significance

*=5%, **=1%, L = linear trend, Q = quadratic trend, NS =
nonsignificant
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Table 4.5.
Effect of timing of c±ilorimuron on blueberry and
bunchberry injury and number, legnth and buds of blueberry stems at
Jonesboro, Me. in 1987.
Rate
gm ai/ha

Injury

(0-10)

Total

Average

Number Legnth Buds
(O.lnr)(cm) (0.1m2)
Blueberry Bunchberry
Blueberry

Legnth Buds
(cm)
(stem)
Blueberry

Emergence - Mav
0

0
2.6

0

2.4
5.2
5.8

0.8

Significance
Q**

18
35
70
140

4.0
4.2

54
63
61
51
65

454
362
316
254
320

188
167
144
81

Q**

NS

NS

Q*

1.4

122

8.8
6.0

2.8

5.5
4.6
4.9

3.1
3.5
3.2
1.3

Q**

Q*

7.2
7.7
8.5
6.5

1.9

Tin dieback -Julv

1.2
2.2

0
1.0
0.8
2.0

1.4

1.4

59
43
48
37
62

Significance
Q**

Q**

NS

0

18
35
70
140

0

1.4

424
332
408
276
425

87
82
44
23

NS

L**

112

1.9
1.1

6.8

0.3

NS

L**

** = 1% level, L =1 inear trend, Q = quadratic trend, NS =
nonsignificant.
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Table 4.6.
Effect of timing of chlorimuron on bunchberry stand and
blueberry yield at Jonesboro, Me. in 1988.

Rate
Bunchberry / 0.1m2
gm ai/ha
1987
1988

Blueberry
Change

Yield (kg/ha)

Emergence - Mav
0

21

27

18
35
70
140

28
28
26
30

22

NS

Significance

20

6
-6
-1
6
-10

8560
8053
7022
4182
3617

NS

NS

L*

17
33

Tin dieback - Julv
0

13

18
35
70
140

21

Significance

19
26

18
35
29
30

11

10

5
14
10
4
-1

NS

NS

NS

5640
4844
5524
3311
3876
NS

* = 5% level, L = linear trend NS = nonsignificant.

Discussion

The imidazoline compounds did not control bunchberry
selectively.

Of the sulfonyl urea compounds, chlorimuron showed

initial control in the first experiment by reducing the number of
bunchberry stems, while at the same time increasing the number of
blueberry stems.
experiment.

These results were not duplicated in the second

Blueberry flover buds were stimulated by the post¬

emergence treatment of chlorimuron in the first study and by the
emergence treatment in the second experiment.

In the second study,

blueberry injury was observed with the chlorimuron treatments and
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subsequently, blueberry yield was depressed by the higher rates of
chlorimuron at emergence.

The addition of a surfactant and the

higher rates of chlorimuron did not increase bunchberry control but
resulted in increased injury to the blueberry.
McCully (1988)

reported that another sulfonyl urea herbicide,

sulfometuron [2-[ [ [ [ [ (2,6-dimethyl-2-pyrimidinyl) amino]carbonyl]amino] sulfonyl]benzoic acid] applied in the fall at 150 to 200 gm
a i/ha was the roost effective herbicide in reducing bunchberry in
lowbush blueberry fields.

Phytotoxicity to the blueberries was noted

but it was comparable to hexazinone.

Results from several

experiments were variable and further studies are needed before any
conclusions are made.
Under the current management practices, bunchberry is increasing
in Maine (Yarborough and Bhowmik,

1989)

and Canada (McCully,

1988).

Further research on timing and rates are needed to determine if the
sulfonyl urea herbicides will provide consistent suppression of
bunchberry in lowbush blueberry fields.

162

Literature Cited
American.Cyanamid Company.
1985. AC 263,499.
Experimental
herbicide. Cyanamid Tech. Info. Rep. Agric. Res. Div. Princeton,
N.J.
16 pp.
Anderson, P.C. and K.A. Hibberd.
1985.
Evidence for the interaction
of an imidazoline herbicide with leucine, valine and isoleucine
metabolism.
Weed Sci.
33:479-483.
Basham, G.W. and T.L. Lavy.
1987. Microbial and phytolytic
dissipation of imazaquin in soil. Weed Sci.
35:865-970.
Blair, A.M. and T.D. Martin.
1988. A review of the activity, fate
and mode of action of sulfonyl urea herbicides.
Pest. Sci.
22:195-219.
Brown, M.A., T.Y. Chiu, and P. Miller.
1987.
Hydrolytic activation
versus oxidative degradation of assert herbicide, an imidazoline
aryl-carboxlate, in susceptible wild oat versus tolerant com and
wheat.
Pes. Biochem. Phys.
27-24-29.
Damon, R.A. Jr. and W.R. Harvey.
1987.
Experimental design, anova
and Regression. Harper & Row, Publishers, Inc. N.Y.
Fredrickson, D.R. and P.J. Shea.
1986.
Effect of soil pH on
degradation, movement, and plant uptake of chlorsulfuron.
Weed
Sci.
34:328-332.
Goetz, A. J., G. Wehtje, R.H. Walker, and B. Hajek.
1986.
Soil
solution and mobility characterization of imazaquin. Weed Sci.
34:788-793.
Hageman, C.H. and R. Behrens.
cultivars to chlorsulfuron.

1981.
Response of small-grain
Weed Sci.
29:414-420.

Hageman, C.H. and R. Behrens.
1984.
Basis for response of two
broad leaf weeds to chlorsulfuron. Weed Sci.
32:162-167.
Hall, I.V. and J.D. Sibley.
1976. The biology of Canadian Weeds. 20.
Cornne canadensis L. Can. J. Plant Sci. 56:885-892.
Hutchison, J.M. R. Shapiro and P.B. Sweetser.
1984. Metabolism of
chlorsul furon by tolerant broadl eaves.
Pest. Biochem. Phys.
22:243-247.
Joshi, M.M., H.M. Brown, and J.A. Romesser.
1985.
chlorsul furon by soil microorganisms.
Weed Sci.

Degradation of
33:888-893.

Kuhns, L.J. and M.A. Kaps.
1986.
Sulfmeturon methyl and imazapyr
applied as a directed spray on white pine. Proc. Northeast. Weed
Sci. Soc. 40:263-264.

163

Levitt, G.
1983.
Sulfonylureas: new high potency herbicides, pp.
243-250. in Pesticide chemistry: human welfare and the environment.
J. Miyamoto P.C. Kearney, P. Doyle, T. Fujinta (eds.).
Pergamon,
N.Y.
levitt, G., H.L. Pleog, R.C. Weigel, Jr., and D.J. Fitzgerald.
1981.
2-Chloro-N-[(4-methoxy-6-methyl-l,3,5-triazin-2-yl)
aminocarbonyl] benzesulfonamide, a new herbicide. J. Agric. Food
Chem.
29:418-420.
Martin, T.D. and A.M. Blair.
1988.
Degradation of chlorsulfuron and
trisulfuron in an organic soil.
Tests of Agrochemicals and
Cultivars. Assoc. App. Bio., London,
9:66-67.
McCully, K.V.
1988.
Weed problems in Nova Scotia blueberry fields.
M.S. Thesis. Deptartment of Plant Science, McGill University
Montreal, Canada. 212 pp.
Mersie, W. and C. Foy.
1986. Adsorbtion, desorption, and mobility
of chlorsulfuron in soils. J. Agric. Food Chem.
34:89-92.
Mersie, W. and C. Foy.
1985.
Phytoxicity and adsorption of
chlorsulfuron as affected by soil properties. Weed Sci.
33:564-568.
Nalewaja, J.D. and Z. Woznica.
1985.
Environment and chlorsulfuron
phytotoxicity. Weed Sci.
33:395-399.
Ray, T.B.
1982.
The mode of action of chlorsulfuron: the lack of
direct inhibition of plant DNA synthesis.
Pest. Biochem. Phys.
18:262-266.
Renner, K.A., W.F. Meggitt, and D. Fenner.
1988.
Effect of soil pH
on Imazaquin and imazethapyr adsorbtion to soil and phytotoxicity
to com (Zea mays). Weed Sci.
36:78-83.
Ray, T.B.
1984. Site of action of chlorsulfuron.
75:827-831.

Plant Phys.

Rudfeldt, P.
1988.
Sulfonyl urea herbicides - dissipation, assays
and plant sensitivity. Weeds and weed Control 29th Swedish Weed
Conference, Uppsala. Vol. 1 Rep.
pp. 102-107.
SAS Institute, Inc.
1985.
SAS user's guide: statistics. Version 5
Edition. Cary, N.C. pp. 953-506.
Sauers, R.F. and G. levitt.
1984.
Sulfonylures: New high potency
herbicides, pp 21-28. in Peaticide synthesis through rational
approaches.
P.S. Magee, G.K. Kohn, J.J. Menn, (Eds.) Am. Chem.
Symp. No. 255.
Shaner, D. L., P.C. Anderson, and M.A. Stidham.
1984.
Imidazolines-Potent inhibitors of acetohydroxyacid synthase. Plant
Phys. 76:545-546.
164

Ihirunarayanan, K., R.L. Zimdahl, and D.E. Smika.
1985.
Chlorsulfuron adsorption and degradation in soil. Weed Sci.
33:558-563.
Trevett, M.F.
1951.
No. 479. Univ. Me.

Blueberry Soils.

Me. Agric. Exp. Sta. Bull.

Warmund, M.R. and W.K. Patterson.
1986. Vegetative and fruiting
responses of grapes to chlorsulfuron and oryzalin.
HortSci.
21:250-252.
Wilcut, J.W., G.R. Wehtje, M.G. Patterson, and T.A. Cole.
1988.
Adsorption,
translocation and metabolism of foliar-applied
imazaquin in soybeans (Glycine max), peanuts (Arachis hypogaea),
and associated weeds. Weed Sci.
36:5-8.
Yarborough, D.E. 1985.
Evaluation of dichlobenil to suppress
bunchberry in lowbush blueberry fields. Proc. Northeast. Weed Sci.
Soc. 39:216.
Yarborough, D.E. and P.C. Bhowmik.
1989.
Effect of hexazinone on
weed populations and on lowbush blueberries in Maine. Acta Hortic.
241:344-349.
Yarborough, D.E., J.C. Hanchar, S.P. Skinner, and A.A. Ismail. 1986.
Weed response, yield, and economics of hexazinone and nitrogen use
in lowbush blueberry production. Weed Sci. 34:723-729.
Yarborough, D.E., A.A. Ismail, and D.C. Emerson. 1984.
Development
of selective herbicide applicators for lowbush blueberry fields.
Proc. 5th N. Am. Blueberry Work. Conf. Univ. FL.,
Gainesville, pp.
108-118.

165

BIBLIOGRAPHY
Aldrich, R.J.
1984.
Situate, MA.

Weed Crop Ecology.

Brenton Publishers.

Bouchard, A.R.
1986.
La Vegetation, les sols et la productivite
fruitiere de Vaccinium angustifolium et VI invrtilloides dans les
bleuetieres du Sagunay-Lac-Saint^Jean.
Le Nat. Can. 113:125-133.
Chandler, F.B. and I.C. Mason. 1946. Blueberry weeds in Maine and
their control. Me. Agr. Expt. Sta. Bull. 433. 34 pp.
Damon, R.A. Jr. and W.R. Harvey.
1987.
Experimental Design. Anova
and Regression. Harper & Row, Publishers, Inc. N.Y.
Daubenmier, R. 1968. Plant communities a textbook of plant svncology.
Harper and Row Publishers, N.Y.
Flinn, M.A.
1980.
Heat penetration and early postfire regeneration
on seme understory species in the Acadian forest.
Fh.D. Thesis.
Univ. New Brunswick.
Fredericton, New Brunswick. 87 pp.
Grime, J.P.
1979.
Plant strategies and vegetation processes.
Wiley and Sons. N.Y.
222 pp.

John

Hall, I.V. 1953.
Successional studies primarily concerned with three
species of Vaccinium. PhD Thesis. Cornell Univ.
Hall, I.V., L.E. Aalders, N.L. Nickerson, and S.P. Vander KLoet.
1979. The Biological Flora of Canada. 1. Vaccinium angustifolium
Ait., Sweet lewbush blueberry.
Can. Field-Nat. 94(4):415-413.
Harper, J.L. 1977. Mixtures of species 1. space and proportions,
pp. 237-276. in Population biology of plants.
Academic Press, N.Y.
Hepler, P.R. and D.E. Yarborough.
1991.
Natural variability in
yield of lowbush blueberries.
HortSci. In Press.
Hill, J.
1973.
Methods of analysing competition with special
reference to herbage plants.
II. Effects of associate plants.
Agric. Sci. Cambridge. 81:91-98.

J.

Jensen, K.I.N. 1985. Weed control in lowbush blueberries in Eastern
Cananda. Acta Hortic.
165:259-265.
McCully, K.V. 1988. Weed problems in Nova Scotia Blueberry Fields.
M.S. Thesis.
Department of Plant Science.
McGill Univ., Montreal,
Canada.
Mueller-Dombois, D. and H. Ellenburg. 1974. Alms and methods of
Vegetation Ecology. John Wiley and Sons, N.Y.

166

Radosevich, S.R.
and J.S. Holt.
1984. Weed ecology implications
for vegetation management. John Wiley and Sons, N.Y.
265 pp.
Rejmanek, M., G.R. Robinson and E. Rejmankova.
1989. Weed-Crop
carpet it ion: experimental designs and models for data analysis.
Weed Sci.
37:276-284.
Vander KLoet, S.P. 1988.
The genus Vaccinium in North America. Res.
Branch Agric. Can. Pub. 1828.
Ottawa, Can.
Vander KLoet, S.P. and I.V. Hall.
1981.
The Biological Flora of
Canada. 2. Vaccinium mvrtilloides Michx., Velvet-leaf Blueberry.
Can. Field-Nat. 95(3):329-345.
Yarborough, D.E. and P.C. Bhowmik.
1989.
Effect of hexazinone on
weed populations and on lowbush blueberries in Maine.
Acta Hortic.
241:344-349.
Yarborough, D.E., J.J. Hanehar, S.P. Skinner, and A.A. Ismail. 1986.
Weed Response, yield and economics of hexazinone and nitrogen use
in lowbush blueberry production. Weed Sci.
34:723-729.
Zimdahl, R.L.
1980. Weed crop competition a review.
International
Plant Protection Center.
Oregon State Univ., Corvallis, OR. 195
pp.

167

